WO9002564 



Publication Title: 

VACCINE DIAGNOSTIC EMPLOYING PROTEINS HOMOLOGOUS TO HEAT 
SHOCK PROTEINS OF TRYPANOSOMA CRUZI 



Abstract: 

Abstract of WO9002564 

This invention relates to vaccines and diagnostics and more particularly to 
vaccines and diagnostics which employ proteins and/or fragments and/or 
derivatives thereof having homology to heat shock proteins of Trypanosoma 
cruzi. Data supplied from the esp@cenet database - Worldwide 



Courtesy of http://v3.espacenet.com 



This Patent PDF Generated by Patent Fetcher(TM), a service of Stroke of Color, Inc. 



ATTORNEY DOCKET NUMBER: 8449-298-999 
SERIAL NUMBER: 10/784.012 
REFERENCE: B16 



per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) International Patent Classification ^ : 
A61K39/005, 39/04,39/40 
a2N 15/00, 1/00, C12P 21/00 
GOIN 33/53, A61K 39/395 



Al 



(11) Internatfonal PobUcatioa Nnmber: WO 90/02564 

(43) Inteiiiattonal PabUcatioo Date: 22 Match 1990 (22.03.90) 



91)Iiiternatioiial^pUcationNDmber: . PCTAJS89/039S5 
^) htemattonal Filing Date: 12 September 1989 (12.09.89) 



(30) Priority data: 
243,474 



12 September 1988 (12.09.88) US 



(60) Parent Application or Grant 
(63) Related by Continuation 

US 243,474 (CIP) 

Filed on 12 September 1988 (12.09.88) 



(71) Applicant (for aU designated States except US): CODON 

[US/US]; 213 East Grand Avenue^ South San Francisco, 
CA 94080 (US). 

(72) Inventors; and 

fZ^Inventore/Applicants (for US only) : DRAGON, Elizabeth 
[US/US]; 42 Park Lane, Orinda, CA 94563 (US). 
FAULDS, Daryl [US/US]; 1345 Hillcrest Boulevard, 
MUlbrae, CA 94030 (US). SIAS, Stacey [US/US]; 37 
Carlson Court, San Anselmo, CA 94960 (US). 



(74) Agent: WEBER, Kenneth, A; Townsend and Townsend, 
One Market Plaza, 2000 Steuait Tower, San Francisco, 
CA 94105 (US). 

(81) Designated States: AT (European patent), BE (European 
patent), CH (European patent), DE (European patent), 
FR (European patent), GB (European patent), IT (Euro- 
pean patent), LU (European patent), NL (European pa- 
tent), SE (European patent), US. 



Published 

J^th international search report 
Before the expiration of the dme limit for amending the 
claims and to be republished in die event of the receipt of 
amendments. 



(54)Tifle: VACCINE DL\GNOSTIC EMPLOYING PROTEINS HOMOLOGOUS TO HEAT SHOCK PROTEINS OF 
TRYPANOSOMA CRUZI 



(57) Abstract 



This invention relates to vaccines and diagnostics and more particularly to vaccines and diagnostics which employ proteins 
and/or fragments and/or derivatives thereof having homology to heat shock proteins of Trypanosoma cruzi. 



FOR WE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing interaationai 
applications under die PCT. 



AT 


Ausria 


ES 




MG 


Mad^g^sear 


AU 


AutfnEi 


FT 


Rnlud 


ML 


Mai 


BB 


fitifaidos 


FR 


Fnooo 


MR 


Mauritania 


BE 


Belgium 


GA 


Gabon 


MW 


Malawi 


BF 


BuifcmaFaaa 


GB 


Unked Khylfwii 


re. 


hletberbnds 


BG 


BulgUB 


HU 




NO 


Norway 


BJ 


Beam 


rr 


Italy 


RO 


Romania 


BR 


BnzO 


jp 


lapaa 


SD 


Sudan 


CA 




KP 


Democnuie Peopfe*! RepubSe 


SE 


Sweden 


CF 


Cental Afrnn RepubBe 




of Kona 


SN 


Senegal 


CG 


Congp 


KR 


RepubScof Korea 


SU 


Soviet Union 


CH 


SwitZBfhiid 


U 




ID 


riiad 


CM 


Canwrooii 


LK 


Sri Lanka 


TG 


Tq09 


DE 


Qemany, Federal RepubScof 


LU 


LiUGBmbouis 


US 


Unitod Stt&GS of America 


DK 


Oemuifc 


MC 


Monaco 







wo 90/02564 A ^ PCr/US89/03955 



VACCINE DIAGNOSTIC EMPLOYING PROTEINS HOMOLOGOUS 
TO HEAT SHOCK PROTEINS OF TRYPANOSOMA CRUZI 

BACKGROUND OF THE INVENTION 
5 This invention relates to vaccines and 

diagnostics and more particularly to vaccines and 
diagnostics which employ proteins and/or fragments 
and/or derivatives thereof having homology to heat 
shock proteins of Trypanosoma cruzi. 

10 Heat shock proteins, sometimes referred to as 

stress proteins, have been found in a vide variety of 
cells, and have been generally described in an 
article written by Tissieres on pages 419 through 429 
of "Heat Shock from Bacteria to Man" (Cold Spring 

15 Harbour Laboratory, 1982) • 

DESCRIPTION OF THE FIGURES 
Figure 1 provides the gene and derived, amino 
acid sequence for the Hsp70 antigen of T. cruzi. 

Figure 2 provides an alignment of heat shock 
20 proteins from a variety of organisms: 1. M. hyo- 
pneumoniae, 2. Bacillus megaterium, 3. Escherichia 
coli, 4. T. cruzi, 5. T. cruzi, 6. Rat, 7. Xenopus 
laevis 8. human, 9. chicken, 10. Zea mays, 11. Serratia 
marcescens. 

25 Figure 3 provides a restriction map of 

pMYCOie containing the full length gene for the Hsp70 
antigen of M. hyopneumoniae. 

Figure 4 provides an intermediate plasmid for 
the expression of the Hsp70 antigen of M. 
30 hyopneiimoniae. 

Figure 5 provides the gene and derived amino 
acid sequence for the Hsp70 antigen of M. 
hyopneumoniae • 

Figure 6 provides restriction map of pMyC029 
35 which is a low level expression plasmid containing the 
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full length gene for the. Hsp70 antigen of M. 
hyopnexmonlae. 

Figure 7 provides a restriction nap of 
• PMYC031 which is a high level expression plasmid 
5 containing the full length gene for the HspTO antigen 
of hyopneunoniae. 

Figure 8 provides a restriction map of 
pCAMlOl containing the trpTlTS gene. 

Figure 9 provides a restriction map of 
10 pMYC032 which is an expression plasmid containing the 
full length gene for the HspTO antigen of M. 
hy ©pneumoniae and the trpT176 gene. 

Figure 10 provides a restriction map of pMGA4 
which is an expression plasmid containing the full 
15 length gene for the Hsp70 antigen of M. gallisepticun. 

Figure 11 provides the gene and derived amino 
acid sequence for the HspTO antigen of M. - 
hyopneumoniae . 

Figure 12 provides a restriction map of 
20 pMGAlO which is an expression plasmid containing the 
full length gene for the Hsp70 antigen of M. 
hyopneumoniae and the trpT176 gene. 

SUMMARY OF THE INVENTION 
Vaccines are disclosed for the protection 

25 against organisms which comprise a physiologically 

acceptable carrier with a protein which is capable of 
eliciting an antibody which recognizes at least one 
epitope of a native protein present in the ojrganism^ 
the native protein having at least 50% homology with a 

30 heat shock protein of T. cruzi. Processes for 
protecting a host against an organism are also 
disclosed which comprise administering an effective 
amount of a protein capable of eliciting an antibody 
which recognizes at least one epitope of a native 

35 protein present in the organism, the native protein 
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having at least 50% homology with a T. cruzl heat shock 
protein. 

Fiirther disclosed are processes for 
determining an organism in a host which comprise 
5 contacting a sample derived from a host containing an 
organism or suspected of containing an organism with an 
antibody or antibody fragment which recognizes at least 
one epitope of a native protein present in the 
organism, the native protein having at least 50% 

10 homology with a* heat shock protein of T« cruzi; and 
determining protein present in the organism bound to 
the smtibody. 

For such vaccines and processes, the native 
protein referred to above may be derived from a species 

15 of Mycoplasma, Mycobacteria or Trypanosoma, provided 

that the native protein is not derived from Trypanosoma 
cruzi. Preferably, the native protein of Mycoplasma 
derivation is one selected from the group consisting of 
M. mycoides, M. bovis, M. bovigenitalium, M. bovoculi, 

20 M. bovirhinis, M. dispar, M, hyorhinis, M. hyosynoviae, 
M. hyopneumoniae, M. gallisepticum, N. pneumoniae, and 
synoviae, most preferably from M. hyopneimoniae and 
M. gallisepticum. The native protein of Mycobacteria 
derivation is preferably one selected from the group 

25 consisting of M. bovis, M. leprae, and H. tuberculosis. 

The recombinant sequence of nucleic acid 
encoding the heat shock proteins of M. hyopneumoniae 
and M. gallisepticum is also disclosed. 

DETAILED DESCRIPTIOH 
30 Applicant has found that certain heat shock 

proteins and/or fragments and/or derivatives thereof 
may be employed in a vaccine to protect against an 
organism containing such heat shock protein. 

Applicant has further found that certain heat 
35 shock proteins and/or fragments or derivatives 

thereof, as well as antibodies produced in response 
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to such heat shock proteins and/or fragments or 
derivatives thereof nay be employed as a diagnostic 
for determining an orgemism containing such heat 
shock proteins. 
5 Applicant has also found that certain ONA 

(RNA) sequences encoding for a heat shock protein of an 
organism may be employed as a diagnostic for 
determining the organism. 

In accordance with the one aspect of the 

XO present invention, there is provided a vaccine for 
protecting against an organism which includes a heat 
shock protein wherein the vaccine includes a protein 
capable of eliciting an antibody which recognizes at 
least one epitope of a heat shock protein of the 

15 organism which heat shock protein of the organism has 
at least 50% homology with a heat shock protein of 
Trypanosoma cruzi (T. cruzi). 

In accordance with another aspect of the 
present invention, there is provided a process for 

20 protecting against a disease caused by an organism 

which includes a heat shock protein by administering to 
a host at least one protein capable of eliciting an 
antibody which recognizes at least one epitope of a 
heat shock protein of the organism which heat shock 

25 protein of the organism has at least 50% homology 
with a heat shock protein of Trypanosoma cruzi (T. 
cruzi) . 

The term that an antigen or protein has at 
least 50% homology with a heat shock protein of T. 

30 cruzi, as used herein, means that on a position by 

position basis, at least 50% of the amino acids of the 
heat shock protein of T. cruzi are also present in the 
antigen or protein. 

More particularly, in a preferred embodiment 

35 the heat shock protein or polypeptide of T. cruzi with 
which an antigen or protein is to have at least 50% 
homology is at least one of the T. cruzi heat shock 
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proteins having a molecular weight of about 70 kD, 
or about 85 KD or about 65 kD, preferably the heat 
shock protein having a aolecular weight of about 70 kD. 
The T. cruzi heat shock protein having a 
5 molecular weight of about 70 kD may be prepared as 
described in Example 1. The amino acid and DNA 
sequence for the 70 kD protein is shown in Figure 1 
of the drawings, with the 70 kD protein starting at 
base pair 25 and terminating at base pair 677. 
10 The T. cruzi heat shock protein having a 

molecular weight of about 85 kD is described by 
Dragon et al. Molecular and Cellular Biology, Volume 
7 No. 3 Pages 1271-75 (March 1987). 

The protein which is present in the organism 
15 and which is at least 50% homologous to a T.* cruzi heat 
shock protein will sometimes be referred to herein as 
the "homologous protein" or the "homologous heat 
shock protein". 

The protein employed in formulating the 
20 vaccine for protection against an organism may be 
identical to a homologous protein present in the 
organism to be protected against, or may be a fragment 
or derivative of such homologous protein, provided that 
the protein which is used in the vaccine is capable of 
25 eliciting an antibody which recognizes at least one 
epitope of the homologous protein. For example, the 
protein employed in the vaccine may be only a portion 
of the homologous protein present in the organism or 
laay have one or more amino acids which differ from the 
30 amino acids of the homologous protein in the organism 
or may be the homologous protein (or fragment or 
derivative thereof) fused to another protein. 

The term "protein which is capable of 
eliciting an antibody which recognizes at least one 
35 epitope of a native protein present in the organism, 

said native protein having at least 50% homology with a 
heat shock protein of T. cruzi" (such protein present 
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in the organism is what is sometimes referred to as the 
homologous protein) encompasses the homologous protein 
present in the organism or a fragment of such 
homologous protein or a derivative of such homologous 
5 protein or a fusion product of such homologous protein 
(or fragment or derivative thereof) with another 
protein. As should be apparent, the protein or 
proteins included in the vaccine may include more or 
less amino acids or amino acids different from the 
10 eunino acids of the homologous protein present in the 
organism. 

The protein or proteins employed in the 
vaccine may be identified and produced by recombinant 
techniques. More particularly, the DNA (or RNA) 

15 encoding for a T. cruzi heat shock protein is 

employed as a probe to identify DNA present in the 
organism against which protection is sought which has 
at least 50% homology with the DNA (RNA) encoding for 
a T. cruzi heat shock protein. The DNA of the 

20 organism having the requisite homology is sometimes 
referred to herein as the "homologous DNA". 

The homologous DNA of the organism identified 
by such probe is employed to produce homologous protein 
of the organism by recombinant techniques. Thus, for 

25 example, the DNA encoding for the protein of Figure 1 
may be suitably labeled, for example with ^^P, by - 
procedures known in the art to thereby provide a 
probe for identifying DNA in the organism having at 
least 50% homology with the DNA sequence encoding for 

30 the protein of Figure 1. 

Figure 2 presents an alignment of the amino 
acid sequences of Hsp70 proteins from a number of 
species. The sunino acids are depicted by their single 
letter abbreviations. Stretches of sequence identical 

35 in all examined species were identified (denoted by 
upper case text in the consensus sequence depicted 
below the individual sequences) . Several regions 
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- containing sequences at least six amino acids in length 
which were identical in all Hsp70 sequences. For 
example, between amino acid 138 and 209 of T. cruzi lie 
the sequences TVPAYF, RIINEPTA, and DLGGGTFD which are 
5 conserved in Hsp70 sequences. The DNA sequences which 
could encode these conserved sequences were determined. 
The 17-mer nucleotide sequences having low coding 
degeneracy serve as universal oligonucleotide probes 
for Hsp70 genes. 

10 The probing conditions selected are such that 

hybrids are identified in which there is at least 50% 
homology between the selected DNA probe which encodes 
for a T. cruzi heat shock protein and the DNA being 
probed for in the organism. Such probing is done at 

15 relatively low stringency. Low stringency is achieved 
by known methods such as reduced temperature and 
increased salt concentrations (e.g., hybridizing at 
37 •C and 5-6 X standard *salt-citrate buffer or 5-6X 
standard salt-EDTA-Tris buffer) . 

20 The selected homologous DNA of the organism 

may be included in any of a wide variety of vectors or 
plasmids for producing a protein to be employed in 
formulating a vaccine against the organism. Such 
vectors include chromosomal, nonchromosomal and 

25 synthetic DNA sequences; e.g., derivatives of SV40; 
bacterial plasmids; phage DNA's; yeast plasmids; 
vectors derived from combinations of plasmids and 
phage DNAs, viral DNA such as vaccinia, adenovirus, 
fowl pox, virus, pseudorabies , etc. 

30 The appropriate DNA sequences may be inserted 

into the vector by a variety of procedures. In 
general, the DNA sequences are inserted into an 
appropriate restriction endonuclease site by 
procedures known in the art. Such procedures and 
35 others are deemed to be within the scope of those 
skilled in the art. 
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The DNA sequences in the vector are 
operatively linked to an appropriate expression control 
sequence (s) (promoter) to direct nRNA synthesis. As 
representative examples of such promoters, there may 
5 be mentioned: LTR or SV40 promoter, the E. coli lac ^ 
or trp, the phage lambda PL promoter and other 
promoters known to control expression of genes in 
prokaryotic and eukaryotic cells or their viruses. 
The expression vector also contains a 
10 ribosome binding site for translation initiation and a 
transcription terminator. The vector may also 
include appropriate sequences for amplifying 
expression. 

In addition, the expression vectors 
IS preferably contain a gene to provide a phenotypic trait 
for selection of transformed host cells such as 
dihydrof olate reductase or neomycin resistance for 
eukaryotic cell culture, or such as tetracycline or 
ampicillin resistance in £• coll. 
20 The vector containing the appropriate DNA 

sequences as hereinabove described, as well as an 
appropriate promoter or control sequence, may be 
employed to transform an appropriate host to permit 
the host to express the protein. As representative 
25 examples of appropriate hosts, there may be 
mentioned: bacterial cells, such as E. coli. 
Salmonella typhimurium, fungal cells, such as yeast; 
animal cells such as CHO or Bowes melanoma? plant 
cells, etc. The selection of an appropriate host is 
30 deemed to be within the scope of those skilled in the 
art from the teachings herein. 

The expression vehicle including the 
appropriate DNA sequences for the protein to be 
expressed and the t-RNA inserted at the selected site 
35 may include a DNA or gene sequence which is not part of 
the gene coding for the protein. For example, the 
desired DNA sequence may be fused in the same reading 
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frame to a DNA sequence which aids in expression or 
improves piirification or permits increases in the 
immunonogenicity • 

In employing recombinant techniques for 
5 producing the active protein, purifications, 

digestions, ligations and transformations may be 
accomplished as described in "Molecular Cloning: A 
Laboratory Manual" by Maniatis et al.. Cole Spring 
Laboratory, 1982 ("Maniatis"). lii addition, 
10 transformations may be accomplished by the procedure of 
Cohen, PNAS, 69:2110 (1973). 

When seeking to develop a vaccine, 
neutralizing or protective antibodies could be targeted 
toward discontinuous, conformation-dependent epitopes 
15 of the native antigen, one must therefore consider 
whether the protein obtained from the recombinant 
expression system might have a three dimensional 
structure (conformation) which differs substantially 
frpm that of the original protein molecule in its 
20 natural environment. Thus, depending on the 

immunogenic properties of the isolated proteins, one 
might need to renature it to restore the appropriate 
molecular conformation. Numerous methods for 
renaturation of proteins can be found in the scientific 
25 literature and include; 1) denaturation (unfolding) of 
improperly folded proteins using agents such as alkali, 
chaotropic agent, organic solvents, and ionic 
detergents followed by a renaturation step achieved by 
dilution, dialysis, or pH adjustment to remove the 
30 denaturant, and 2) reconstitution of proteins into a 
lipid bilayer or liposome to re-create a membrane like 
environment for the immunogenic protein. 

The vaccine which includes a protein of the 
type hereinabove described may be employed in a vaccine 
35 for protecting against diseases caused by a wide 

.variety of organisms. Table 1 provides representative 
examples of such organisms. Of particular interest are 
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species of Trypanosoma, Mycoplasma and Mycobacteria. 
Trypanosoma and Mycoplasma heat shock proteins are 
described herein. Heat shock proteins for Mycobacteria 
are known. Young et al., P.N.A.S. (USA), 85:4267-4270 
5 (1988). 

A host may be protected against a disease 
caused by a certain organism by incorporating into the 
vaccine a protein which is capable of eliciting 
antibodies which are recognized by at least one 

10 epitope of a homologous protein of the organism. As 
hereinabove indicated the protein which is capable of 
eliciting such antibodies (hereinafter sometimes 
referred to as the active protein) may correspond to 
the homologous protein of the organism or may be a 

15 fragment or derivative thereof. As should be apparent, 
if the disease against which a host is to be protected 
is Chagas, which is caused by T.cruzi, the protein 
which is included in the vaccine would be one or more 
heat shock proteins of T. cruzi or a fragment or 

20 derivative thereof capable of eliciting antibodies 
which recognize an epitope of T. cruzi heat shock 
protein. The host which is protected is dependent upon 
the organism against which protection is sought. In 
general, the host is an animal (either a himan or 

25 nonhuman animal) which is subject to a disease caused 
by the orgemism. Thus, for example if the organism 
against which protection is sought is one which is 
known to cause disease in man, then the vaccine 
including the active protein or proteins would be 

30 administered to a htiman host. If the organism is known 
to cause a disease in a nonhuman animal, then the 
vaccine including the active protein woixld be 
administered to a nonhuman animal. 

In formulating a vaccine, the active protein 

35 is employed in the vaccine in an amount effective to 
provide protection against the disease caused by the 
organism against which protection is sought, in 
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general, each dose of the vaccine contains at least 5 
micrograms and preferably at least 100 micrograms of 
the active protein. In most cases, the vaccine does 
not include the active protein in an amount greater 
5 than 20 milligrams. 

The term "protection" or "protecting" when 
used with respect to a vaccine means that the vaccine 
prevents the disease or reduces the severity of 
the disease. 

10 The active protein is employed in conjunction 

with a physiologically acceptable vehicle to provide 
protection against the organism. As representative 
examples of suitable vaccines in carriers, there may 
be mentioned: mineral oil, alum, synthetic polymers, 

15 etc. Vehicles for vaccines are well known in the art 
and the selection of a suitable vehicle is deemed to be 
within the scope of those skilled in the art from the 
* teachings herein. The selection of a suitable vehicle 
is also dependent upon the manner in which the vaccine 

20 is to be administered. The vaccine may be in the form 
of an injectable dose and may be administered 
intra-muscularly, intravenously, or by sub-cutaneous 
administration. It is also possible to administer the 
vaccine orally by mixing the active components with 

25 feed or water; providing a tablet form, etc. 

Other means for administering the vaccine 
should be apparent to those skilled in the art from the 
teachings herein; accordingly, the scope of the 
invention is not limited to a particular delivery 

30 form. 

It is to be understood that a vaccine may 
also be formulated by use of an antibody elicited in 
response to a homologous protein of the organism. 

The protein and/or antibody used in the 
35 vaccine is essentially free of the organism; i.e., 
cellular matter. 
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In accordance with another aspect of the 
present invention, there is provided a diagnostic kit 
and/or assay for determining an organism which employs 
in the assay and/or kit an antigen which is recognized 
5 by an antibody elicited by a protein of the organism 
which has at least 50% homology with a T. cruzi heat 
shock protein, as hereinabove described, i.e., a 
"homologous protein** of the organism. 

The antigen employed as a diagnostic may be 
10 obtained or produced as hereinabove described with 
reference to the active protein included in the 
vaccine. 

In accordance with yet a further aspect of 
the present invention, there is provided a diagnostic 

15 assay and/or reagent for determining an organism 

which includes and/or employs an antibody (or fragment 
thereof) which recognizes an antigen of the organism to 
be determined, which antigen of the organism has at 
least 50% homology with a heat shock protein of T. . 

20 cruzi, as hereinabove described. 

The antibody employed in the assay and/or 
assay kit may be either a polyclonal or monoclonal 
antibody elicited in response to a homologous protein. 
In particular, the antibody employed in the diagnostic 

25 assay and/or kit is elicited in response to a protein 
€uid/or fragment and/or derivative thereof having at 
least 50% homology with a heat shock protein of T. 
cruzi. 

A diagnostic kit and/or assay for determining 
30 an organism which includes a homologous protein may be 
formulated to determine such organism by a variety of 
procedure. 

For example, the organism may be determined 
by a so«-called sandwich assay kit or assay for 
35 determining the organism by determining in a sample 
(derived from a host containing or suspected of 
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containing the org.anism) antibody elicited in response 
to a homologous protein of the organism. In this 
procedure, antigen of the type hereinabove described 
is contacted with the sample under conditions at 
5 which any of such antibody present in the sample is 
immxinobound to the antigen, which antigen is 
preferably supported on a solid support. 

Antibody bound to such antigen may then be 
determined by use of an appropriate tracer comprised 
10 of a ligand bound or recognized by such antibody 
labeled with a detectable marker or label. The 
ligand of the tracer may be, for example, an antibody 
bound by or recognized by the bound antibody. 

The marker may be any one of a wide variety 
15 of labels (for example a radioactive label, an enzyme 
label, a chromogen label, etc.). 

The techniques for forming such an assay and 
for providing a tracer are known in the art and no 
further details in this respect are deemed necessary 
20 for understanding the present invention. 

For example, there may be employed a 
so-called ELISA sandwich assay format in which a 
plastic microtiter plate is coated with an antigen of 
the type described (one which is recognized by antibody 
25 elicited in response to homologous protein of the 

organism) and sample derived from a host suspected of 
containing the organism is incubated with the coated 
antigen. After appropriate washing, labeled 
immunoglobulin (antiglobulin to the host species 
30 which is suspected of containing the organism) 
labeled with a detectable enzyme (for example 
horseradish peroxidase or alkaline phosphatase) is 
incubated with the antibody bound by the coated 
antigen. After washing, an appropriate developer is 
35 added. 

Alternatively, an agglutination assay may be 
employed in which case particles, such as polystyrene 
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beads, coated with the appropriate antigen is mixed 
with appropriate sample, and presence of antibody is 
detected by agglutination. 

These and other procedures should be apparent 
5 to those skilled in the art. 

In an alternative sandwich immunoassay 
format, an antibody of the type hereinabove described 
may be employed to directly determine a homologous heat 
shock antigen or protein of the organism to be 
10 determined For example, a sample (derived from a host 
•containing or suspected of containing the organism) is 
subjected to a sandwich assay by contacting the sample 
with an antibody (or fragment thereof) which recognizes 
the homologous heat shock antigen of the organism, 
15 which antibody is preferably supported on a solid 

support. Such contacting is effected under conditions 
which will immunobind the homologous heat shock antigen 
(if present) to the antibody. Thereafter, bound 
antigen may be determined by use of a tracer comprised 
20 of a ligand (which is bound by or recognizes the 

homologous antigen) labeled with a detectable marker 
or label. Thus, for example, the tracer may be 
labeled antibody elicited in response to the homologous 
antigen of the organism. As hereinabove indicated, the 
25 antibodies capable of recognizing a homologous protein 
of the organism may be a monoclonal and/or polyclonal 
antibody. 

In this assay format, which employs an 
antibody which recognizes a homologous protein of the 
30 organism, markers (labels) and techniques, as 

hereinabove described and as Icnown in the art, may 
also be employed. 

The assay or reagent kit which employs 
antigen and/or antibody of the type hereinabove 
35 described may be included in an appropriate reagent kit 
package. The package may include other materials 
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useful in the assay, for example, tracer, buffers, . 
standards, etc., in appropriate reagent containers. 

In accordance with another aspect of the 
present invention, there. is provided an assay and/or 
5 reagent kit for determining the presence of an organism 
which includes or employs a ONA probe which encodes for 
a protein of the organism having at least 50% homology 
with a heat shock protein of T. cruzi as hereinabove 
described. 

10 The DNA probe which is used may be all or a 

portion of the DNA which encodes for a homologous 
protein. If a portion of the DNA which encodes for a 
homologous protein is employed, such DNA portion 
should include a portion of the DNA which encodes for 

15 a variable region of the homologous protein. 

Accordingly, the DNA probe is employed under 
conditions whereby hybridization is accomplished over 
at least a portion of the DNA which encodes for a 
variable region (preferably a hypervariable region) 

20 of the homologous protein. 

The hydridization may be performed with a 
suitably labeled form of the DNA (for example ^^P, 
although other detectable labels, including non- 
radioactive labels may be used) in a procedure 

25 similar to the procedure for identifying DNA of the 
organism encoding for a protein having the requisite 
homology with a T. cruzi heat shock protein. 

The present invention will be further 
described with respect to the following examples; 

30 however, the scope of the invention is not to be 
limited thereby. Unless otherwise indicated, all 
methods and abbreviations are well known in the art and 
are found in Maniatis. All references in this document 
are hereby incorporated by reference herein. 
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Example 1 — Trypanosoma Cruzi Heat Shock Protein and 
Its Reaction with Sera £rom Infected Persons. 

A, Growth and Isolation of Parasites 

Trypanosoma cruzi, Peru strain, was used in 
5 all experiments. Epimastigotes were grown at 28 ''C in 
modified HM (Warren, S. Parasitology, 46:529-539, 
1960); 37 g/1 brain heari: infusion (Difco Lab., 
Detroit, MI), 2.5 mg/1 hemin, 10% heat-inactivated 
fetal calf serum. Log phase cells were harvested by 

10 centrifugation and washed twice with cold PS6 (20 mH 
sodium phosphate, pH 7.4, 0.9% NaCl, 1.0% glucose). 
Culture form trypomastigotes were obtained from 
infected Va-13 cells as previously described. See 
Sanderson et al.. Parasitology, 80:153-'162, (1980), and 

15 Lanar and Manning, Mol. and Biochem. , Parasitology, 
11:119-131, (1984). 

1^ ?:^93,2^tion of DNA apd RNA 

Parasites were harvested from culture by 
centrifugation and washed several times with PS6 (20 

20 mH sodium phosphate, pH 7.4, 0.9% NaCl, 1*0% glucose). 
Epimastigotes were resuspended at a concentration of 
loVnl in PEG/EGTA buffer (20 mM Tris-HCl, pH 7.6, 25 mM 
E6TA, 50 mH HgCl, 25mH CaCl, 1.0% Triton-XlOO, and 4mH 
dithiothreitol) , plus 250 u/ml of RNAS in (Promega 

25 Biotec, Madison, WI) , incubated on ice for 20 min., 
centrifuged at 8000 x g for 15 minutes at 4*0. The 
supernatant containing the RNA was phenol extracted 3 
times, then extracted once with chloroformisoamyl 
alcohol (24:1) and ethanol precipitated. The pellet 

30 (nuclei and kinetoplasts) was resuspended at a 

concentration of 10^ parasite equivalents/ml in 10 mH 
Tris-HCl, pH 8.0, 50 mH EDTA, 0.1% SDS, 150 ug/ml 
Proteinase K (Boehringer- Hannheim, Indianapolis, IN) * 
and incubated at 65 *C for 1 hour. After cooling to 

35 room temperature, the DNA was gently extracted with an 
equal volume of phenol for 1 hour. This extraction 
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was repeated once, and the aqueous phase was 
extracted with chlorofonn-isoamyl alcohol (24:1) 
once. The DNA was recovered by ethanol precipitation. 
The DNA pellet was gently redissolved in 10 mM 
5 Tris-HCl. pH 8.0. 1 DM EDTA and treated with 0.15 mg/ml 
DNAse-free RNAse A for 30 minutes at room temperature. 
After PNAse digestion the sample was extracted once 
with phenol, once with chloroformisoamyl alcohol, and 
then precipated with ethanol. The size of the DNA was 
10 determined to be greater than 20 kilobase pairs (kb) on 
agarose gels. Trypomastigote DNA and RNA was prepared 
in an identical manner except that the parasites were 
resuspended at a concentration of 5 x lo^/ml. 



t ;^ Preparatio n of k+ mRNA 
15 Poly A+ containing RNA was isolated by 

Oligo(dT) -cellulose chromatography (Aviv and Leder, J. 

Immunol., 127:855-8S9, 1972). Total BNA was loaded 

onto an oligo (dT) -cellulose column (Type 3, 

Collaborative Research, Lexington, MA) in 10 mM 
20 Tris-HCl, pH 7.5, 1 nM EDTA, 0.2% SDS, 400 mM LiCl. 

RNA was eluted from the column at 40* C with 10 mM 

Tris-HCl, pH 7.5, 1 mM EDTA, 0.2% SDS. 

n, rnnst-ruetioP nf the T. rrnirl "Sau3a Partial" 
r-onnmiff T.ibrarv in Bacteriophage EMBU 

200 fig of T.cruzi epimastigote DNA was 
digested with the restriction endonuclease Sau3A 
(Boehringer-Mannheim, Indianapolis, IN) according to 
manufacturer's specifications. Aliquots of the 
reaction were removed at 1, 2.5, 5, 10, 20, 40 and 60 
minutes. Upon removal each aliquot was diluted to 25 
mH in EDTA and heated for 15 minutes at 68*C. The 
samples were pooled, the DNA was size fractionated 
over a Sephacryl S-IOOO column (Pharmacia, Piscataway, 
NJ) in 200 mM Tris-HCl, pR 7.5, 100 mM NaCl, 1 mM EDTA. 
Those fractions containing DNA in size from 5 Kb to 20 



25 



30 



35 
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kd were pooled, ethanol preciplated, and used for 
cloning. The lambda bacteriophage cloning vector EMBL3 
(Prishauf et al., J. Mol, Biol., 170:827-842, 1983) was 
used. EMBL3 anas and 6I6&FAK packaging system were 
5 purchased from Vector Cloning Systems (San Diego, CA) 
and used according to the manufacturer's instructions. 

E. Hvbridizati on-Selection/Translatlon 

Specific T. cruzi RNAs were purified from 
total T. cruzi RNA using the technique of 

10 hybridization-selection/translation as described by 

Riccardi et al., PNAS, 76:4927-4931, 1972. 25-50 ug of 
purified plasmid DNA was digested with an appropriate 
restriction endonuclease (to linearize the plasmid) , 
the DNA was cleaned by phenol extraction and chloroform 

15 extraction and denatured by boiling for 10 minutes. 
Following boiling, the DNA was quick-frozen, thawed, 
then spotted onto a 9mm diameter nitrocellulose filter. 
The filter was washed several times with-6XSSCv then 
air dried and baked for 2 hours at 80 'C in vacuo. For 

20 hybridization, 100 ^9 of T. cruzi total RNA was 

reacted with the DNA containing filter in a solution 
containing 65% formamide, 0.01 M PIPES, pH 6.4, 0.4 M 
NaCl at 65 'C for 3 hours. Following the hybridization 
reaction, the filter was washed 10 times with IXSSC, 

25 0.1% SDS at 60*C, 3 times with 0.002 M EDTA at 60'C, 
and once with water at room temperature. The 
specifically hybridized mRNA is eluted from the filter 
by boiling the filter in a small volume of water for 
two minutes, quick-freezing the solution, then ethanol 
30 precipitating the RNA. The purified RNA is resuspended 
in water, then translated in an in vitro translation 
system (such as rabbit reticulocyte) . 



35 



F, Inmunoprecipitation Reactions 

A 1:10 to 1:50 dilution of individual serum was 
prepared using the 10 mM Tris-HCl, pH7.5, 1% Nonidet 
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P-40 (NP 40) , 1 DM N-alpha-p-tosyl-L-Lysine 
chloromethyl ketone (TLCK) , 1 mM phenyl methyl 
sulfonyl fluoride (PMSF) , and 2.8 Kallikrein 
inactivator Units (KIU)/ml aprotinin. The diluted 
5 serum was mixed with an equal volume of cell-friee 

translation reaction mixture, and incubated overnight 
at 4'C. 10 Ml of 10% protein-A-Sepharose (Pharmacia, 
Piscataway, NJ) was added and gently mixed for I hour 
at 4*C. The immune complexes were washed and analyzed 
10 on SDS-polyacrylamide gels as described in Dragon et 

al., Mol. and Biochem., Parasitology, 16:213-229, 1985. 



a. Synth esis of cDNA 

cDNA was synthesized by methods known to 
those of ordinary skill in the art. Briefly, 2 ng of 

15 epimastigote or trypomastigote A+ mRNA was transcribed 
by the action of AMV reverse transcriptase as described 
by Ullrich et al.. Science, 196:1313-1319. (1977) and 
Gubler, Gene, 25:263-269, (1983). Transcription was 
initiated at the 3' polyadenylated end of the mRNA 

20 using oligo(dt) as a primer. The second strand was 
copied using DNA polymerase I and RNAse H 
(Boehringer-Mannehim. Indianapolis, IN) and appropriate 

buffers. 

Specifically, 2 ^g of oligo-dT (12-18 
25 nucleotides, Pharmacia Molecular Biology Division, 
Piscataway, NJ) was annealed to 2 micrograms of 
purified mRNA in the presence of 50 mM NaCl, The 
annealing reaction was heated to 90 'C and then slowly 
cooled. For the reverse transcriptase i^eaction, 
30 deoxynucleosidetriphosphates (dATP, dTTP, dGTP and 

dCTP) were added to make a final concentration of 0.5 
mM, along with 40 units of enzyme (Molecular Genetic 
Resources, Tampa, FL) . The reverse transcriptase 
reaction buffer contained 15 mM Tris-HCl, pH 8.3, 21 
35 mM KCl, 8 mM MgCl^, 0.1 mM EDTA. and 30 mM beta- 

mercaptoethanol. This mixture was incubated at 42 'C 
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for 45 minutes. The RNA-DHA duplex was extracted once 
with phenol chloroform and then precipitated with 
ethanol. The pelleted material was then resuspended in 
100 microliter reaction mixture containing the 
5 following: 20 mM Tris-HCl pH 7.5, 5 mM MgCl,, 100 aM 
KCl and 250 uM each dATP, dCTP, dTTP, dGTP. 

HNAase H (100 units/ml Pharmacia Molecular 
Biology Division, Piscataway, NJ) and DNA Polymerase 
I — Klenow fragment (50 units/ml Boehringer 
10 Mannheim, Indianapolis, IN) were added and the 

reaction was incubated at 12 'C for 60 minutes. The 
combined activities of these enzymes result in the 
displacement of the mPNA from the RNA-DNA duplex as 
the first cDNA strand is used as a template for 
15 synthesis of the second cDNA strand. The reaction 
was stopped by the addition of EDTA to a final 
concentration of 10 mM and the DNA duplex was then 
extracted with phenol: chloroform and ethanol 
precipitated. The sequence of the reactions of DNA 
20 Polymerase I and RNAase H was predicted to yield cDNA 
molecules which were blunt ended at both their 
3« and 5« ends. A 3' blunt end is necessary for the 
subsequent cloning of the cDNA. 

H. canstru f^ion of the cDNA Library 
25 Briefly, the double stranded cDNA 

preparations were digested with the restriction 
endonucleases Saol and PvuII (New England Biolabs, 
Beverly, MA) and ligated, using T4 DNA ligase, into the 
Sad and Smal sites of the plasmid pUClS (Yanish-Perron 
30 et al., Gene, 33:103-119, 1985). This mixture was used 
to transform E. coli K12 strain JM83, selecting for 
ampicillin resistance conferred by the introduction of 
the pUClB into the host cell. From 2 ug of mRNA 
approximately 150 ng of cDNA were prepared which 
35 yielded about 7000 ampicillin resistant clones. 
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More specifically, the cDNA was resuspended 
in 100 microliters of sterile water. Approximately 50 
ng was digested with Sad (5000 units/ml) and pVUII 
(12000 units/ml) in the presence of 6 aM Tris-HCl (pH 
5 and 6 mM beta-mercaptoethanol for 60 7.4) 6 mM MgC12' 

minutes at 37 'C. 

The sample was then re-extracted with phenol: 
chloroform and ethanol precipitated. For the cloning 
step a PUC18 vector was used. The vector had been 
10 digested with Sad and Smal. Smal provided the blunt 
end site necessary for ligation of the 3' end of the 
CDNA. The ligation reaction was performed using 40 ng 
of vector DNA and 50 ng of cDNA. Ligation was done 
overnight at 12' C in a ligase buffer of 50 mM Tris-HCl 
15 (pH 7.8), 10 mM MgC12, 20 mM dithiothreitol , 1.0 mM 
rATP using one unit of T4 DNA ligase. 

The recombinant DNA molecules were then 
introduced into E. coli K-12 strain JM83 by 
transformation. The transformed bacteria were spread 
20 on agar plates containing the antibiotic ampicillin 
at a concentration of 50 micrograms/ml . Since the 
plasmid pUClS contains the ampicillin resistance 
gene, only those bacteria which acquired a recombinant 
plasmid survived. These bacteria each grew and divided 
25 to form a bacterial colony. Each cell in the colony is 
a descendant of the original parental cell and contains 
the same recombinant plasmid. Using hybridization - 
selection/translation and immunoprecipitation 
techniques to screen the cDNA library a clone was 
30 identified which contained nucleotide sequences 
corresponding to a 70 kd T. cruzi peptide. 

T i T - nn^"" ^^^^ ^'"T^ ^^"^^^ "^^ "^^"^ 

The CDNA clone was used as a probe to screen 

the T. cruzi Sau3a partial genomic library as described 

35 by Maniatis et al. A lambda phage designated FG21 was 

identified which contained multiple copies of the 70 kD 
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gene. A 2.4 Icb Smal fragment was sub-cloned into pUC9 
from F6 21. This siibclone called pE622 contained one 
full length copy of the 70 ICD gene. The DNA sequence 
. of PE622 was determined. F621, was sequenced and used 

.5 to construct an expression plasmid to allow production 
of the 70 kd antigen in E. coli. 

if Expression of Clon ed Genes in coll 

Several systems are available in the 
laboratory for expressions of foreign genes in E. coli 

10 and other mammalian and bacterial tissue culture cell 
lines. It is important to provide the cloned genes 
with an E. coli ribo'some binding site for initiation of 
translation and a strong promoter to obtain 
sufficiently high levels of protein. Although 

15 obtaining "direct" expression of the protein is 

possible, it appears to be more efficient to produce 
the protein as a fusion protein, the amino. terminus 
of which is a small part of an E. coli protein 
containing .signals for the initiation of protein 

20 synthesis. The amino terminus of B-lactamase and the 
amino terminus of B-galactosidase can make such 
fusion proteins [Hegpeth et al., Mol. Genet., 163:197- 
203 (1980) and Lingappa et al., PNAS, 81:456-460 
(1984)]. These and other systems may be used to 

25 obtain expression of the cloned gene. 

Sequencing analysis showed that the coding 
region of the 70 kd gene was flanked by an Ahalll 
site 30 base pairs upstream from the putative ATG 
start codon. An additional Ahalll site is located 367 

30 base pairs following the TGA stop codon in the 

nucleotide sequence of F621. Subsequently FG21 was 
digested with the restriction enzyme Ahalll. The 
resulting DNA fragment was 2,341 base pairs long. It 
was gel purified and cloned in the Smal site of the 

35 . expression vector pUC9. The resulting plasmid, 
PFP70-47, was used to transform E. coli K12 SG936 
bacteria. 
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A sample of this recombinant bacteria has 
been placed on deposit with the American Type Culture 
Collection (12301 Parklawn Drive, Rockville, Maryland, 
USA) as ATCC number 67254. The culture was deposited 
5 on November 4, 1986. This strain, SG936/PP70-47 
produces a 70 kd polypeptide which can react with 
chagasic sera. Expression of the entire protein, 
however, provides as many determinants as possible on 
the target antigen. 

10 Tc. Antigen Production 

The transformed E. coli are grown in liquid 
culture containing 50 micrograms per ml of ampicillin 
to enhance plasmid ability. Cultures are harvested at 
an OD of 2.0 measured at 550 nm. The cells are then 

15 pelleted and washed and lysed by freeze/thaw and 

sonication. A detergent extraction solubilizes most of 
the remaining polypeptides. The 70 kd expressed 
product, however, remains insoliible and is harvested by 
centrifugation: This insoluble "cement" is denatured 

20 in urea and subsequently diluted at a high pH and the 
pH is then adjusted back to neutral. During the 
renaturation process the antigen refolds and achieves 
that immunologically active conformation. The details 
of this procedure used are identical to those used to 

25 restore enzyme activity to recombinant chymosin as 

described by McCaman et al., J. Biotech., 12:117-191, 
(1985) . 

Example 2 — 74.5 kda M. Hyo Antigen and Use As a 
Vaccine 

30 A. Preparation of hvopneumoniae DWA 

Strain P-57223 (obtained from Dr. Charles 
Armstrong, Purdue University) was grown in 1 liter of 
Friis medium to a density of approximately lo' to 
10^" color changing units per ml. The cells were 

35 harvested by centrifugation and resuspended in 2 ml 
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phosphate buffered saline which brought the total 
volume to 3.25 ml. The suspension was then mixed 
with a solution consisting of 24.53 g cesium chloride 
dissolved in 19.75 ml 10 mM Tris pH 8.0 1 mM EDTA and 

5 1.53 of 10 mg/ml ethidium bromide was added. This 
was mixed with a solution consisting of 3.87 g cesium 
chloride dissolved in 2.15 ml 10 mU Tris pR 8.0. 1 mH 
EDTA, 8.9% Sarkosyl. The resulting suspension was 
incubated at 65*0 for 10 minutes to completely lyse 

10 the cells. The DKA was separated by equilibrium 
buoyamt density centrifugation in a Sorvall TV850 
rotor at 43,000 rpm for 18 hours, and withdrawn with 
an 18 gauge needle. This DNA was subjected to two 
additional buoyant density centrifugations in a 

15 Sorvall TV865 rotor at 55,000 rpm for 7 and 18 hours 
respectively, each time the band of genomic DNA being 
removed with an 18 gauge needle. The resulting DNA 
solution was extracted with cesium chloride saturated 
isopropanol, to remove ethidium bromide, and 

20 extensively dialyzed against 10 ntH Tris pH 8.0, ImH 
EDTA, to remove the isopropanol and cesium chloride. . 



B. DNA Probing of M, hvooneumonia DNA 

Plasmid pEG22, described in Example 1 is 
purified from E. coli by methods in the art, and 
25 labeled with by nick translation using DNA 
polymerase I. 

pE622 is used as a probe as follows: 
Mycoplasma genomic DNA was digested with 
EcoRI under the following conditions at 37 'C for 2 
30 hours. 

114 microliters P-5722-3 DNA 
6 microliters H^O 
15 microliters lOX BRL-3 (Bethesda 
Research Labs) 

35 15 microliters EcoRI (Bethesda Research 

Labs) 
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67 microliters were mixed with 0.1% Bromphenol blue, 
glycerol, loaded onto a 1% agarose gel and 
electrophoresed until the blue color had migrated to 
within icm of gel end. The DNA was transferred to a 
5 nitrocellulose filter by Southern's technigue. The 
filter was hybridized to the DNA probe described 
above under conditions which allow hybridization in 
the absence of exact sequence identity. 
Hybridization: 
10 6 X NET 

5 X Denhardts solution 

2 X 10* counts per minute probe, 

37 'C for 18 hours 



Hash: 

15 6 X NET 

0.1% SDS 

3 times at room temperature, 
1 time at 50'C 



6 X NET 
20 1 M NaCl 

90 mM Tris pH 7.6 
6 mH EDTA 

Southern blot analysis shows that the DNA probe 
hybridized to a specific EcoRI restriction 
25 endonuclease fragment of approximately 6 kB in length 
and thus include the antigen's gene. 



r ;, cAonina th ** Sena bv Hybridization 

In order to identify the gene by 
hybridization to the pEG22 DNA probe, 200 micrograms of 
30 P-57223 DNA was digested with 120 units of EcoRI in a 
volume of 600 microliters. The digestion mixture was 
mixed with glycerol and xylene cyanol blue FF and 
electrophoresed on a 3.25% acrylamide gel. Five 
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Slices of approximately 0.5 cm were cut from the gel 
in the size range desired and electroeluted in 0.1% 
SDS, 0.5 X TBE buffer. The resulting DNA fractions 
were extracted with phenol/chloroform, ethanol 
5 precipitated, and each resuspended in 50 microliters 
of lOmM Tris pH 8.0, InH EDTA. By dot-blot analysis, 
(See Nuc. Acid Res. 7:1541-1552, 1979), fraction 4 was 
shown to contain the DNA fragment of interest. 

To create a gene library enriched for the 
10 desired fragment, 7 microliters of Fraction 4 was 

ligated to EcoRI digested pUC9 with T4 ligase one-half 
of the reaction was transformed into JM83 and plated on 
X-gal plates where white colonies contain plasmids and 
inserts.' Plasmid DNA from 24 white colonies was 
15 prepared and transferred to nitrocellulose by the 

slot-blot modification of the dot-blot procedure and 
probed with ^'P labeled pE622. 

Plasmid DNA preparations which hybridize to 
the DNA probe are subjected to EcoRI digest analysis to 
20 show that each plasmid contains the same size insert 
fragment, and most likely the same gene. A plasmid is 
selected for DNA sequence analysis which shows greater 
than 50% identity to pEG22. 

T^, Preparation of Genomic t.3.bragy 
25 A preparative digest of 200 ng genomic DNA of 

Mycoplasma hyopneumoniae P-57223 was done using 200 
units of EcoRI in a total volume of 1 ml and 250 nl 
aliquots were removed at 6 min, 25 min, 42 min and 63 

min. " 

30 The four preparative samples of partially 

digested Mycoplasma DNA were then combined (200 ^g) and 
loaded onto am exponential sucrose gradient. The 
gradient was centrifuged in a Sorvall AH627 rotor at 
26 k rpm for 21 hrs at 15*C. 

35 The gradient was then slowly fractioned from 

the bottom by collecting 15 drop fractions (90 
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fractions total) . 20 ^1 of each fraction was then run 
on a 1% agarose gel as described above. Fractions 
containing DNA fragments smaller than 18 kbp and larger 
than 15 kbp were pooled (fractions 32-40) and dialyzed 

5 against TE (10 nM Tris.HCl pH 7.5, 1 mM EDTA pH 8.0) 
to remove the sucrose. The DNA (3.5nl) was then 
precipitated with ethanol and resuspended to about 15 
Ml (1 mg/ml) under vacuum and stored at -20*C. 

EcoRI Arms of bacteriophage lambda-Dash were 
10 obtained from Vector Cloning Systems (StrataGene) and 
were ligated at a concentration of 200 fig/vil to 
Mycoplasma target DNA at a concentration of 25 fiq/vil 
in a total volume of 10 ^1 using T4 ligase (Boehringer 
GmbH) at a concentration of 100 units/ml. The ligation 

15 reaction was incubated at room temperature for 2 hours. 
4 Hi of the ligation was then packaged into lambda 
particles using the in vitro packaging kit Gigapack 
(StrataGene). The phage»was then titered on E. coli 
strain P2392 (StrataGene) and found to be 7.75 x 10^ 

20 pfu/ml (3.1 X lo' pfu/ug of lambda-Dash). 

B. Screening of Library 

The library is screened using the plasmid 
previously obtained which shows greater than 50% 
homology to pEG22, by the previously -described 

25 probing procedure. DNA from positive recombinants is 
prepared, digested with EcoRI, analyzed by gel 
electrophoresis, to indicate portions of the M. 
hyopneumoniae genome composed of several EcoRI 
restriction fragments. One of the fragments is 

30 digested with EcoRI, ligated to EcoRI digested 

pWHA148 and transformed into E. coli strain JM83 and 
called pMYCOlSj its DNA was prepared and digested 
with a number of different restriction endonucleases 
in order to derive the restriction map shown in 
• 35 Figure 3. 
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Plasaid pWHA148 is prepared by inserting a 
synthetic oligonucleotide into the Hind III site of 
pUClS. The amino terminal coding sequence of the 
X-complementing peptide of B-galactosidase is shown 
5 in Figure 4, and contains 8 additional restriction 
sites over the parent pUClS. The oligonucleotide 
insert into pUClS is shown in Figure 4 between the 
Sphl and Hind III sites. 

An N-terminal portion of pEG22 is used by 
10 Southern analysis to hybridize to the 0.6kb 

Accl-Asull restriction fragment of pMYCOie. DNA 
sequence analysis of the 0.6 Kb fragment identifies 
that start codon of the homologous gene. 

On the restriction map of pMYCOlS (Figure 3 
15 the gene begins within the 0.6 kb AccI-AsuII 

restriction fragment, extends clockwise within the 0.4 
kb AsuII - Clal, 1.2 kb Clal - Clal, and 1.4 kb Clal- 
Hindlll fragments, and ends short of the Hindlll site. 
DNA sequence analysis shows that pMYC016 contains a 
20 74.5 kD protein homologous to the 70 kD T. cruzi heat 
shock antigen. 

The DNA-amino acid sequence of the 74.5 IcD 
gene is shown in Figure 5. 

V. T!vprAssiQn o f ftill length M.hvo. 74-5 HP antigen in 
25 E. Coli 

Plasmid pMYC016 DNA (Figure 3) was digested 
with AccI, treated with Hung Bean nuclease to remove 
the single stranded AccI tails, re-ligated to delete 
the 1.9 kb AccI fragment in front of the 74.5 kD 
30 antigen gene and transformed into E. coli strain JM83. 
One transformant was named p!«C029? its DNA was 
digested with a ntimber of different restriction 
endonucleases in order to derive the restriction map 
shown in Figure 6. 



wo 90/02564 




PCT/US89/03955 



29 

pMyC029 was subjected to DNA sequence 
analysis which showed that a spontaneous deletion had 
occured at the ligation juncture, where two bases were 
deleted and the PstI site was retained, as shown 
5 below (only a portion of the 5' to 3' strands are 
represented) • 



pMyC029 expected: TTGCATGCCTGCAG6TACTTTCTTTTGTCT 

PstI 

pMYC029 observed: TTGCATGCCTGCAGGCTTTCTTTTGTCT 
10 Pstl 



This fortuitous deletion allows the in frame 
insertion into the pUC9 open reading frame ♦ Plasmid 
pHyC029 is a low level expression plasmid. 



Construction of PMYC031 and expression of 74.5 kP 

15 antigen fragment 

Because the mycoplasma insert of pHyC029 is 
oriented away from the Lac promoter of pWHA148, it 
was desired to insert the gene into another 
expression vector, pUC9. The two base deletion 

20 enabled the gene for the 74.5 kD antigen to be 
placed in the same reading frame as the 
beta-galactosidase gene of E. coli vector pUC9. 

In order to perform this construction, 
pMYC029 DNA was digested with PstI and EcoRI, the PstI 

25 - EcoRI fragment containing the entire 74.5 kD coding 
sequence was purified, ligated to the PstI and EcoRI 
digested vector pUC9, and transformed into E. coli 
strain JH83. One transformant was named pMYC031 
(Figure 7)) its DNA was prepared and transformed into 

30 E. coli strain W3110 by the transformation procedure 
described above. 
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H, Construction of t)MYC032 

It Is known that T6A codons encode the amino 
acid tryptophan in mycoplasma but normally terminate 
peptide chain elongation in E« coli and that the 
5 trpT176 gene, a mutant tryptophan t-BMA which 

recognizes U6A (Raftery, et al., Jour. Bacterlol., 
158:849-859) r allows peptide chain elongation at TGA 
codons in E. coli laboratory mutants. We reasoned that 
the addition of trpT176 to expression vectors would 

10 allow £• coli peptide chain elongation at the 
mycoplasma TGA codons of cloned genes. 

Plasmid pCAMlOl was purchased from James 
Curran (University of Colorado) as a convenient source 
of the trpT176 gene and is shown in Figure 8. 

15 DNA from pCAHlOl was digested with EcoRI, the 

0. 3 kb EcoRI fragment which contains the trpT176 gene 
was purified^ ligated to EcoRI digested pMYC031, and 
transformed into E. coli strain W3110. One 
transformant was named pMYC032 and its restriction 

20 map is shown in Figure 9. 

1. Expression of M> hvopneumoniae 74.5 kP antigen in 

A W3110 (pMyc032) transformant was selected, 
grown in L*broth, lysated as previously described, and 

25 a portion subjected to polyacrylamide gel 

electrophoresis. New 75 kD and 43 kD proteins 
were identified by gel electrophoresis which 
represented approximately 5% and 0.1% of total E. 
coli protein, respectively. The pMYC032 75 kD 

30 protein was shown by Western blot to react with the 
previously described pig antisera raised against the 
74.5 kD H. hyopneumoniae antigen. 

An improved expression plasmid p!iYC087 has 
been deposited with the ATCC on June 30, 1989 as ATCC 

35 number 68030. It contains an in vitro change of TGA to 
TG6 (Tryptophane) at codon position 211 (see Figure 5) . 
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J. Use of the recombinant form of Mycoplasma 
hvopneumoniae 74,5 kP antiaen as a vaccine 

A N3110 (PMYC032) transformant from Example 2 
was selected, grown in M-9 minimal medium in a 14 
5 liter Chemap fermenter to a cell density of 110 O.D. 
600, and 120 g (vet weight) of cells were harvested 
from 500 ml by centrifugation. A suspension was 
prepared consisting of 2*3 g of cells per 10 ml of 
PBS containing 12 mM EDTA, 0,5 mg/ml lysozyme. The 

10 suspension was incubated at 25 'C for 15 minutes, 
sonicated on ice for 2 minutes in 30 second bursts, 
centrifuged at 13,000 g for 10 minutes at 4*C, and 
the soluble fraction reserved as product. A portion 
of the product was subjected to polyacrylamide gel 

15 electrophoresis. The recombinant form of 74.5 kD 
antigen made up approximately 25% of the soluble 
protein and the yield dosages were prepared in PBS at 
100 and 500 fig per dose and emulsified on ice with 
equal volximes of Freund*s incomplete adjuvant (Sigma) 

20 immediately prior to use. 



Vaccination Test 
Week 0 Three litters of Hampshire, Hampshire X 
Duroc, and York piglets taken by Caesarian 
section. 

25 Week 1 Piglets divided randomly into 7 pig dosage 
groups and each vaccinated sub-cutaneously in 
leg. 

Week 3 Booster vaccination, as above, opposite 
leg. 

30 Week 8 Challenge administered by trans-tracheal 

inoculation of 10^ CCU Mycoplasma hyopneumoniae . 
Week 12 Necropsy of experimental animals and 
infection controls. 
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The results were as 


follows : 




Group 








Control 




5/5 


12.4 + 4.7 


100 ug 74.5 JcD 




1/4 


4.2 + 4.9 


100 ug recoinb. 74.5 


kO 


2/6 


9.7 + 11.7 


500 ug recoinb • 74.5 


kD 


4/4 


25.0 ± 6.1 



* Number of pigs with a lung lesion score greater 
than 5% 

10 ** % of lung surface effected (mean + std. dev.) 

Example 3. — The 70 kD Hsp Analog from Mycoplasma 
Gallisepticum. 

A. Preparation of cennmSe LibraT-S«« 

Two strains of M. gallisepticum F-K810 and R, 

15 were obtained from R. Yamamoto (U. C. Davis) and grown 
in F-80 media for the preparation of genomic DNA. (Nord 
Veterinaermed. 27:337-339). 

Approximately 22 ml of stationary phase M. 
gallisepticum culture was centrifuged at 13,000 X g at 

20 4'C for 10 minutes to harvest mycoplasma cells. The 
supernatant was discarded and the cell pellet was 
resuspended in PBS to wash. Cells were harvested by 
centrifugation after washing. The cells were washed a 
total of three times with PBS and the resulting cell 

25 pellet frozen at -78 'C. After thawing, the cells were 
resuspended in 2 ml lo ffiM Tris-HCl pH 8.0, 50 mM EDTA, 
1% SDS, and 100 ug Proteinase K was added. The cells 
were lysed at 50 'C for one hour with occasional mixing. 
The lysate was extracted with phenol then with 

30 chloroform/isoamyl alcohol to remove cellular debris. 
The DNA-containing aqueous phase was dialyzed against 4 
liters of 10 mM Tris-HCl, 5 mM EDTA twice, and lo mM 
Tris-HCl, 1 mM EDTA once. From each strain, 60 fig of 
DKA was recovered, an amount sufficient for restriction 

35 analyses. Southern blot analyses, and library 

construction. Restriction digests indicated that the 
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two strains are similar to each other with limited 
restriction fragment length polymorphism. 

B. Mixed oligonucleotide probes for isolating the 
HSP70 protein from M. gallisepticum 

5 When the Hsp70 amino acid sequence from T. 

Cruzi aligned with the amino acid sequence of the H. 
hyopneumoniae 74.5 kD antigen of Example 2. Several 
regions containing sequences six amino acids in length 
are identical in both sequences. The array of DNA 
10 sequences which could encode these amino acid regions 
was determined. The two amino acid sequences 
corresponding to nucleotide sequences having the lowest 
degeneracy, were selected for use as oligonucleotide 
probes. These were synthesized as follows: 

15 C0D1159 Ile-Ile-Asn-Glu-Pro-Thr 
ATA-ATA-AAC-GAA-CCA-AC 
C C T G C 
T T 6 
T 

20 CGD1218 Gly-Gly-Gly-Thr-Phe-Asp 
GGA-GGA-GGA-ACA-TTC-GA 
C C C C T 
G G G G 
T T T T 

25 Pools of the above oligonucleotides were 

labeled with ^^P using polynucleotide kinase (BRL) and 
used to probe Southern transfers of Hindlll digested M. 
gallisepticum chromosomal DNA. After 50*C washes in 6X 
NET, 0.1 SDS, COD 1159 hybridized to two Hindlll 

30 fragments. COD 1218 hybridized to two Hindlll 

fragments at 45 *C \inder likewise identical conditions. 
Both probes hybridize to an apparently identical 3.4 kb 
fragment, where as the other fragments differ in length 
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and probably represent hybridization due to non-* 
specific sequence homology. The hybridization of both 
probes to the same 3.4 kb Hindlll fragment is highly 
significant as the probability that hybridization of 
5 both probes to the same fragment of genomic DNA results 
from non-specific sequence homology is less that 2X10'^ • 
The hybridization patterns for DNA purified from strain 
R strain and F-K810 strain of H. gallisepticum were 
identical to one another. 

10 Plasmid DNA from pMYC087, containing the gene 

for M. hyopneumoniae (ATCC 68030 deposited with the 
American Type Culture Collection on June 30, 1989) was 
ledaeled using the Boeringer Mannheim nonradioactive 
Southern hybridization kit (Genius kit) and used to 

15 probe a Southern transfer of EcoRI and Hindlll 

restriction digested chromosomal DNA from the F-strain 
and M. hyopneumoniae as a positive control • The probe 
* detected bands of the expected size in the M. 
hyopneximoniae genome and an EcoRI band of 6.8 kb and a 

20 Hind III band of 3.3kb in the H. gallisepticum digests 
after washes at 65 *C in 0.5X SSC and 0.1% SDS. 

C. Preparation of Size Selected Genomic Libraries 
The general approach for cloning the hsp 
antigen genb from M. gallisepticum was analogous to the 

25 procedure used for the T. cruzi 70 kD hsp. H. 

gallisepticum genomic DNA, 1 /xg from both the R strain 
and the F-K8 I 0 strain, was digested to completion 
with the bacterial restriction endonuclease Hindlll and 
separated on 3.25% polyacrylamide gels. DNA from four 

30 gel slices containing restriction digest fragments 
^between 2 and 5 kb was electroeluted. An aliquot of 
DNA electroeluted from each of the four gel slices was 
sxibjected to agarose gel electrophoresis ^transfered to 
a nitrocellulose membrane by Southern transfer and 

35 probed with ^^P-labeled C0D1159 to identify the fraction 
which contains the 3.3kb hybridizing Hindlll band. In 
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this way, a positive DNA fraction was identified. This 
positive DNA fraction was then ligated into Hind III 
digested pUC9 and transformed into E. coli DH5a. 

D. Identification of Positive Clones 
5 For each strain, 12 and F-K810, plasmid DNA 

from forty-eight recombinant clones was isolated by the 
method of Holms and Quigley 1981 (Anal. Biochem. 
114:193-197, 1981), transferred to nitrocellulose using 
a Bio-Rad dot blot apparatus, and probed with COD1159 

10 in the case of the R-strain or both C0D1159 and COD1218 
on duplicate blots In the case of strain F-K810.' 

One positive isolate was found for each 
strain. Plasmid pMGA4 contains a positive R-strain 
insert and has been deposited with the American Type 

15 Culture Collection on 1989 with the 

designation • A map of pMGA4 is provided in 

Figure 10. The sequence of of the M. gallispeticum 
Hsp70 DNA and the derived amino acid sequence is 
provided in Figure 11. 

20 E. Expression. Purification and Use as a Vaccine 

DNA from pCAHlOl was digested with EcoRI, a 
0.3 kb EcoRI fragment including trpT176 was purified, 
ligated to EcoRI digested pUC9, transformed into E. 
coli strain JM83^ and one transformant was named 

25 PWHA160 (see Figure 12) . 

Plasmid pMGA4 DNA was digested with Hindlll 
and Bglll, ligated to Hindlll and BamHI digested 
pWHAieo, digested with BamHI and Bglll, and transformed 
into E. coli strain DH5a. One transformant was named 

30 pMGAlO. The HGAIO transformant was grown in L-broth at 
37 'C, and the cells harvested by centrifugation and 
frozen. The cell pellet from 4 ml of culture was 
resuspended in 100 ^1 ot a solution consisting of 0.5 
mg/ml hen egg-white lysozyme dissolved in 25 mM Tris pH 

35 8.0 10 mM EDTA; and incubated at 25 'C for 10 minutes. 
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A portion of the resulting lysate was subjected to 
polyacrylamide gel electrophoresis and a new 67 kD 
protein was identified. Western blot analysis, using 
pig anti-74.51cD serum, showed that the new 67 kD 
5 protein was immunologically related to Hsp70. 

F. use of Bact eriallv Produced M> qRlHf=iPpticUTn flsp 7? 
Protein to Rai se an iTnmunQ Response in Chicken 

The purified M. gallisepticum protein is 
concentrated by lyophilization and resuspended to a 

10 final concentration of 0.5-2.0 mg/ml in 0.1% SDS. For 
use, the immtmizing antigen is formulated in one volume 
of protein concentrate to three volumes of oil carrier 
consisting of 5% Arlacel, 94% Drakeol 6-VR and 1% Tween 
80. The dose of the antigen employed is 100 ^ig/dose. 

15 Chicken receive the formulated vaccine by subcutaneous 
injection. A booster vaccination by the same route is 
done two weeks later. 

Numerous modifications and variations of the 
present invention are possible in light of the above 

20 teachings; therefore, within the scope of the appended 
claims the invention may be practiced otherwise than 
as particularly described. 
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Table 1. Representative Pathogenic Organisms. 



1: DISEASE AGENTS 
1.1: BACTERIA 

1.1.1: ACTINOBACILLUS SPP. 
1.1.1.1: Actinobacillus lingiresii 

Mastitis infections in cattle, sheep, 
swine, equine 

1.1.1.2: Also known as Haemophilus 
swine pneumonia 

1.1.2: BACILLUS SPP. 

Bacillus anthracis 

Anthrax, an acute febrile disease of 

all mammals 

1,1.3: BORDETELLA SPP. 

1.1.3.1: B. bronchiseptica - repiratory disease in 

many species 

1.1,3.2: B. pertussis - whooping cough in man 
1.1.4: BORRELIA SPP. 

1.1.4.1: B. burgdorferi - Lyme disease in dogs, 
deer, man 

1.1.5: BRUCELLA SPP. 

1.1.5.1: Brucella abortus, B. suis, B. melitensis 

brucellosis in cattle, sheep, swine, 
equine, canine, man 

1.1.6: CAMPYLOBACTER SPP. 
1.1.6.1: Campylobacter fetus 

causes infertility and embryonic 

death in cattle, swine, sheep. 

equine 

(vibriosis) 

1.1.6.2: Vibrio eholerae - cholera in man 
1.1.7: CHLAMYDIA SPP. 

1.1.7.1: C. psittaci - respiratory disease m 

birds ^ ^ 

1.1.7.2: C. cati - conjunctivitis in cats 

1.1.8: CLOSTRIDIUM SPP. 
1.1.8.1.: C. chauvoei 

blackleg in cattle and sheep 
1.1.6.2: C. septicura 

malignant edema in cattle and sheep 
1.1.8.3: C. haemolyticum 

red water in cattle 
1.1.8.4: C. novyi 

black disease in cattle and sheep 
1.1.8.5: C. sordelli 

big head disease in cattle and sheep 
1.1.8.6: C. perfringens 

enterotoxemia in cattle, sheep, swine, 

equine, gas gangrene in man 
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1.1.8.7s C. tetani 

tetanus in all mammals 
1.1.8.8: C. boutulinum 

8 types, eauslng botulism in all species 

1.1.9: CORYNEBACTERIUM SPP. 

1.1.9.1: C. diptheria - Diptheria in man 

1.1.9.2: C. pyogenes •causes pyogenic processes in 

cattle, sheep, swine, goats 
1.1.9.3: C. renale - cystitis in cattle 
1.1.9.4: C. equi - pneximonia in horses 

1.1.10.1: ERYSIPELOTHRIX SPP. 

1.1.10.1: Erysipelothrix rhusipothiae • erysipelas 
in swine and man 

1.1.11: HAEMOPHILUS SPP. 

1.1.11.1: H. influenza, respiratory disease in 

various species 
1.1.11.2: H. paraninfluensa, H. parasuis, H. suis - 

respiratory disease in swine 

1.1.12: KLEBSIELLA SPP. 

1.1.12.1: Klebsiella pneumoniae - Pneumojnia and 
septicemia in animals and man 

1.1.13: LISTERIA SPP. 

1.1.13.1: L. monocytogenes - Listeriosis 
encephalitis in ruminants 

1.1.14: MYCOBACTERIUM SPP. 

1.1.14.1: M. tuberculosis, M. bovis, M- avium - 
Tuberculosis in various species 

1.1.14.2: M. paratuberculosis - Johne's disease in 
cattle, sheep, and goats 

1.1.15: PASTEURSLLA SPP. 

1.1.15.1: P. pestis - Plague in man and rodents 
1.1.15.2: P. haemolytica, P. multocida 
respiratory disease in many species 

1.1.16: PSEUDOMONAS SPP. 

1.1.16.1: P. aeruginosa - respiratory disease in 

various animals 
1.1.16.2: P. mallei - Glanders disease in dogs and 

cats 

1.1.17: SALMONELLA SPP. ^ 

1.1.17.1: S. typhimurium • enteric disease in a 

number of species 
1.1.17.2: S. typhisuis, S. choleraesuis - enteric 

disease in swine 
1.1.17.3: S. typhi • Typhoid fever 
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1 1.17.4: S. paratyphi - Paratyphoid - A in roan 
l!l.l7.5: S. gallinarum - fowl typhoid , 
l.lAl.et S. puUorum - puUorum disease in 
chickens 

1.1.16: STREPTOCOCCUS SPP. «..titiB 
1.1.18.1: S. agalactiae. S. dysgalactiae - mastitis 
in numerous species .„4.. 
1 1.18.2: S. dispar - enteritis in numerous species 
1 1 IB 3' S. eoui - cholic in horses 
Liiisii; 1: JenitaUum - uterine infections in 

1.1.18.5: S*"pneumoniae - respiratory disease in 
man 

1 1.19: STAPHYLOCCUS SPP. 

1 1 19 1- S. aureus - mastitis in many species 
l.l!l9!2*: S. epidermidis - pyoderma in many species 

1.1.20: TULAREMIA SPP. ^ ^ , . 

l!l!20.1: Francisella tularensis - Tularemia in man 

1.2.6: HERPESVIRIDAE , ^ . 

12 6 1- H. simplex Type 1 - Oral Herpes in man 

l l il'. H. simplex tJ^o 2 - Genital Herpes in man 

12 6 3- Epstein-Barr Virus - Mononucleosis in man 

l'2'6"4- H. smiae - Herpes B. in primates 

I 2 Mi H. suis-Adjuskie's disease - pseudorabies 

in swine and cattle 
1 2.6.6.: H. canis - Respiratory infection of dogs 
15 67. H. equi - Equine rhinopneumonitis - 

respiratory end abortion in horses 
12 6 8- H bovis - IBR (infectious Bovine 

Rhinotracheitis) in cattle 

1.2.6.9: H. fli- ^ 
Rhinotracheitis) 

1 . 2 . 6 . 10 : i'.i^Ef Id» 

LaryngotrachetiB in birds 
I 2 6.11: MarS-B Disease Virus - Merek's disease 
in birds 

Feline calicivirus (FCV) 
1 2.6.12: cytomegaloviruBeB-many diseases in 
various animals 

M-n'l^^'^'SS^OX - WAS A MAJOR DISEASE IN MAN 
ii'.lM: VACCINIA - USED TO VACCINATE AGAINST 

1.2.«.o. pjEOEONPOX, TURKEYPOX. 
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1.2.13.7: CAPRIPOXI VIRUSES - LUMPY SKIN DISEASE IN 

SHEEP AND COATS 
1:2:13:8: PARAPOXIVIRUSES - "SORE MOUTH" IN SHEEP 

AND COATS, BOVINE PAPULAR STOMATITIS 

1.3: MYCOPLASMA 

1.3.1: M. myeoldes - Bovine respiratory disease 

1-3.2: M. bovis - bovine mastitis 

1-3 .3: M. bovigenitalium - bovine epidymitis 

1.3.4s ' H. bovocull - Infectious bovine 

keratocon junti vi ti s 
1-3.5: M. bovirhinis and M. dispar - respiratory 

disease 

1.3.6: M. hyorhinis and M. hyosynoviae 

respiratory disease and lameness in swine 

1.3.7: m. gallisepticum and M. synoviae 

respiratory disease in poultry 

1.4: RICKETTSIA 
1.4.1: Rickettsiaeeae 
1.4.1.1: R. provazekii - Typhus fever 
1.4.1.2: R. typhi • murine thyphus in man 
1.4.1.3: R. rickettsii - Rocky Mountain Spotted 
Fever 

1.4.1.4: Coxiella Burnetii - Q Fever in cattle, 

sheep » goats, birds, and man 
1.4.1.5: Covdria niminatum - Heartvater in cattle 
1.4.2: Anaplasmataceae 

1.4.2.1: A. marginale and A. centrale 

Anaplasmosis in cattle 
1.4.2.2: A. ovis ^ Anaplasmosis in sheep. 
1.4.2.3: Raemobartonella fells - Hemobartonellosis 

in cats (Feline Infectious Anemia) 
1.4.2.4: Haemobartonella canis • Hemobartonellosis 

in dogs 

1.4.2.5: Eperythrozoon - parasites which attack 
red blood cells in various animals 

1.5: CHLAMXDIACEAE 

1.5.1: C. psittaci - Psittacosis - a febrile 

pulonary disease in man and birds 

1.5.1.1: also causes Sporadic Bovine 

Encephalomyelitis and polyarthritis in 
cattle 

1.5.1.2: also causes Epizootic Abortion in cattle 
and sheep 

1.5.1.3: also causes pneumonia in cattle and hseep 
1.5.1.4: also causes Feline Pneumonitis in cats 
1.5.2: C. trachomatis - Veneral disease in man 



1.6: SPIROCHAETALE 

1.6.1: Leptospria spp. 
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1.6.1.1: L. canicola. L. grippotyphosa, L. hardjo. 

L. icterohaaemorrhagiae 
1.6.1.2: L. pomona - all cause disease in various 

species 
1.6.2: Treponema SPP. 

1 6.2.1: T. hyodysenterlae - Swine Dysentery 
1.6.2.2: T. pallidum - Syphilis in man 

il±l, r"".«'fS; 0 Avm b.rr.Xc.1. .r 
spirochaetosis in birds 

1.7: FUNGAL DISEASES Kt-ftoder 
17 1: Asperigillus fumigatus - brooder 

pneumonia in poultry 

17 2: Blastomyces dermatitidis - pulmonary 

infection in animals and man 
1.7.3: Candida albicans - Thrush in birds, cats, 

cattle, swine and man 
17 4: EPIDERMOPHYTON SPP. 

1*7 4 !• E. floccosum - Athletes foot in man 

i:?:l:if "°^S^'2iplS;tum . systemic fungal infection 

in many species 
1 7 6« MICROSPORUM SPP. 

l!7".6!l: M. canis - ringworm in dogs, cats, man, 

1.7.6.2: M?"gyp"um - ringworm in dogs, cats, 
horses, man 

1.7.7; TRICHOPHYTON SPP. «rlinatea 

1.7.7.1: T. rubrum - ringworm in dogs, primates, 

1.7.7.2: T?'*e'cjiinum and T. quinkeanum - ringworm 
17 8- MyCOTOx"lCOSES*^Moldy feed) caused by numerous 
mamentou. Mycetoxins. Aspergillus 

toxins 

2: PARASITES 
2.1: PROTOZOA 

^M'l^®^ Entamoeba histolytica - Amebic dysentery 

in dogs. eats, pigs and man 
2.1.2: BABESIAJPP.^ bigemina and B. bovis are major 

causes babesiosis in cattle 

(babesiosis also known as Texas fever. 

Tick Feber, Prioplasmosis) 
9 12 2. B. argentine. B. Divergens, and B. major 

also cause babesiosis in cattle 
2 12 3. B cwis and B. Cigsoni - cause 

babesiosis in dogs 
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2.1 .2'. 4: B. egui and B. caballi cause babesiosis 
in horses 

2.1.2.5: B. motasi and B. ovis - cause babesiosis 
in horses 

2.1.2.6: B. trautmanni - babesiosis in pigs 
2.1.2.7: B. felis - babesiosis in cats 

2.1.3: COCCIDIA 

2.1.3.1: EIHERIA SPP. 

E. tenelia, E. necatrix. E. brunetti» E« 

acervulina, E. maxima in chickens 

E. bovis, E. suernii in cattle 
2.1.3.2: ISOSPORA SPP. 

I. suis - seine 
2-1.3.3: SARCOYSTIS SPP. 

S. tenelia - infects sheep 

S. blanchardi. S. fayerei, and S. 

fusiformis - infect cattle 

S. miescheriana - infects swine 
2.1.3.4: TOXOPLASMA GONDII 

Vide spread distribution, especially in 

cats, swine, sheep, humans 

causes abortion, birth defects, deafness 
2.1.3.5: CRYTOSPORIDUM SPP. 

cause diarrhea in cattle, swine, sheep. 

birds, and man 

A component of AIDS complex 
2.1.4: CIARDIA SPP. 

2.1.4.1: C. lamblia - infects man 
2.1.4.2: G. canis - infects dogs 
2.1.4.3: O. cati - infects catas 
2.1.4.4: C. bovis - infects cattle 
2.1.5: LEISHMANIA SPP. 

2.1.5.1: L. donovani • visceral leishmania in man. 

d09a» eats, cattle sheep 
2.1.5.2: L. tropica - cutaneous leshmania in man. 

dogs, and rodents 
2.1.5.3: L. brasiliensis - American leishmaniasis 

in man, dogs, and cats 
2.1.6: PLASMODIUM SPP. 

2.1.6.1: Plasmodium falciparum - malaria in man 
2.1.6.2: P. malarias, P. vivax, and P. ovale - 

malaria in man 
2.1.6.3: P« gallinace\im - avian malaria 
2.1.6.4: nxamerous Plasmodium spp. cause malaria in 

man 

2.1.7: PNEUMOCYSTOSIS SPP. 

2.1.7.1: P- carinii - cause of pneumonia in man, 

dogs, horses, swine, goats 
2.1.7.2: A component of the AIDS complex 
2.1.8: THEILERIA SPP. 

2.1.8.1: T. parva. T. annulate, T. mutans. T. 
lawrencei and T. cervi 
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all cause East Coast Fever in cattle, 

buffalo and deer 
2.1.8.2: T. hirci and T. ovls infect sheep 
2.1.9: TRITRICHOMONAS SPP. 

2.1.9.1: T. vaginalis - a veneral disease of man 
2.1.9.2: T. foetus causes trichomonaiasls, a 

genital infection of cattle 
2.1.9.3: Trichomonas gallinae - causes 

tricomoniasis, a G.I. infection in birds 
2.1.10: TRYPANOSOMA SPP. 

2. 1.10.1; T. crusi - Chagas disease in man 

2.1.10.2: T. congolense — Trypanosomiasis in 
cattle, horses, pigs, dogs 

2.1.10.3: T. rhodesiense and T. gambiense 
sleeping sickness in man and antelope 

2.2: HELMINTHS 

2.2.1: TREMATODES 

2.2.1.1: FLUKES 

Fasciola hepatica - cattle and sheep 
F. gigantica • cattle and sheep 
Fascioloides magna - cattle, sheep and 
swine * 

Dicrocoelium dendriticxun « cattle, sheep, 
horses, swine, man 
2.2.1.2: SCHI STOSOMI ASI S 

Schistosoma japonicum, S. hematobium, S. 

mansoni, S. intercalatum ^ man 

S. bovis, S. spindale, S. mattheei - 

cattle, sheep, goat, horse 

S. nasalis, S. indium * cattle, sheep, 

goats 

2.2.1.3: PARAGONIMIASIS (SALMON POISONING) 

Paragonimus westermani * man 
P. kellicotti - mink, dog, cat, pig 

2.2.2: CESTODES 

2.2.2.1: TAPEWORMS 

Taenia saginata, and T. solium - man 
(cysticercus) 

Echinococcus granulosus, and E. 

multilocularis - man, dog 

Taenia hydatigena, T. ovis - dog 

T. pisiformis - dog and cat 

Dipylidium caninum - dog and cat 

Anoplocephala magna, A. perfoliata - 

horses 

2.2.2.2: ECHINOCCUS SPP. 

2.2.2.3: DIPHYLLOBOTHRIUM SPP. 

2,2.2.4: SPIROMETRA SPP. 

2.2.2.5: FASCIOLA SPP. 

2.2.3: NEMATODES 
2.2.3.1: FILARIAL PARASITES 

Dirofilaria immitis - heartworm in dogs 
2.2.3.2: HOOKWORMS 
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A. duodenale and Necator americanus - 
hookworm in man 

A. caninum, A. brazlliense - dogs and 
eats ■ 

Uncinaria atenocephala • dogs 
BunoBtomum phlebotomiim * cattle 

B. trigonocephalum - aheap and goata 
Globecephalus uroaubulatua - swine 

2.2.3.3: KIDNEY WORMS 

Dicoctophyma renale - dog 

2.2.3-4: LUNGWORMS 

Dictyocaulus viviparus - lungworm in 

cattle 

D. filaria • lungworm in sheep, goat, 
cattle 

Muellerium capillaria - lungworm in sheep 

Metastrongylus apri, M. pudendotectus, M. 

salmi - swine 
2.2.3.5: KODULAR WORMS 

Oesophagostomum denatxim - swine 

0. radiatixim, and 0. columbianum - 

cattle, sheep, goats 
2.2.3.6: ONCHOCERIASIS ^ ^ 

Onchocerca volvulus • blindness in humans 
2.2.3.7: PINWORMS 

Enterobius vermicular is - man 

Oxyuris equi - horses 

Skrjabinema ovis - sheep and goats 
2.2.3.8: ROUNDWORMS 

Ascaris lumricoides - roundworms in man, 
swine 

Toxocara canis - dogs 

Toxocara cati - cats 

Parascaris equonam - horse 

Ascaridia galli - chickens 
2.2.3.9: SPIROCERCAS 

Spriocerca lupi - dogs 
2.2.3.10: STOMACH WORMS 

Habronema, H. ma jus, H- megastoma • 

horses 

2.2.3.11: STRONCYLES .«„4«tiB S 

Strongylus vulgaris, S. equinus, s. 

•dentatus - horses 
2.2.3.12: STRONCYLOIDS 

Strongyloides westeri - horses 

S. stercoralis - man 

S. ransomi - swine 

S. canis - dogs 

S. tximefaciens - cats 

SiSiSilU «.lr.U. - trtchlneU. In 
■vine and man 

2.2.3.14: TRICHOSTRONCYLES 
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2.2.3.15: 



2.3: 

2.3.1: 

2.3.1.1: 

2.3.1.2: 
2.3.1.3: 
2.3.1.4: 

2.3.1.5; 
2.3.1.6! 
2.3.1.71 
2.3.1.8: 
2.3.1.9; 

2.3.1.10: 

2.3.2: 
2.3.2.1: 



2.3.2.2: 



2.3.2.3: 



- equine. 



sheep, goats 



mange in dogs. 



in 



Ostertagia ostertagi - cattle 
Haemonchus placei - ca^^l*^. , 
Triehostronglyus axei - cattle 
Cooperia punctata - cattle ^„-*.ieei - 
Haemonchus contortus. Cuperia curticel 

sheep . 
Ostertagia drcumcincta - sheep 
Triehostronglyus colubriformis 

swine, cattle, sheep «ha«o 
Nematodirus filicollis - cattle and sheep 
Hyostrongylus rubidus - swine 
WHIPWORMS 

Trichuris ovis - cattle, 
Trichuris suis - swine 
T.. trichiura - man 
T. vuipis - dogs 
ARTHROPODS 
ACARIASIS 

Demodex folliculorum - 
cats, cattle, swine, •1»««P' """^^.^^ 
Demodex phylloides - mange in f^^"® 
Dermacentor andersoni - wood y=* 
Dermanyssus gallinae - red mite 

iMdes^olocyclus - Austrailian tick 
Notoedree cati - cat mange 
Otobiua megnini - spmose ear tick 
Ostodectes cynotis - ear mite in dog. 
Psoroptes communis - scab m ca^ 

j5r=Sit«".V.bl.i. S. =«.!. - "•"S. in 

dogs 

DIPTERA 

BOTFLIES 4.4«,i4. 
Casterophilus intestinalis 

botfly ^ . . 

Casterophilus hemorrhoidal! s 

Snte^SpSLs nasali. - •«iui»; 
Casterophilus pecorum - European botfly 
Casterophilus inermis - botfly 
Oestrus ovis - sheep botfly 

FLEAS , 
Otenocephalides canis - dog flea 
CtSocephalldes fells - cat flea 

SrSp^- liSre S":: fues 

S::Si?oS?S irritan- - horn flies 
Haematotobia irritans exigua - 
fiv (similar to horn fly) 
Hi^mUi: lllucenB - black soldier fly 
Hybomitra spp. common tiy 



cat 
cattle, 



equine 
equine 



buffalo 
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2.3.2.4: 



2.3.2.5: 



2.3.2.6: 



DlBease 
Malaria 



Hydrotaea irritana - head flies 
Ophyra epp. - diimp flies 
Melophagus ovinus - sheep xed 
Musea autunnalls - face flies 
Husca domestica - house fly 
Muscina spp. - false stable flies 
Swium 5pp. - black flies (no-see-ums) 
Stomoxys calcitrans - stable flies 
Tabanus spp. - horse files 

H^derma lineaturo. H. bovis - Heel fly. 

cattle grvib , 
Calitroga americana - ecrew-worni fly 
Dermatobla hominis - cutaneous myiasis in 
man. cattle sheep, dogs, cats 
Cochliomyia hominivorax - blow fly 
LICE 

Damalinia bovis - cattle biting louse 
Anoplura spp. - cattle louse ^ 
Haematopinus eurystemus - shortnosea 
cattle louse 

Linognathus vituli - longnosed cattle 

sJtJSopf » caplllatus - little blue 
cattle louse 

RaamstQDinUS SUiS - SWinS llC* 

Hn«ito?lSS: aainl - horse sucking louse 

Trichodectes canls - dog louse 

Fellcola subrostrata - cat louse 

MOSQUITOES 

Aedes spp. 

Anopheles spp. 

Culex spp. 

Culiseta spp. 

Psorephera spp. 

y«fe^aoenfs) 

Plasmodium falciparum 

P. vlvax 

p. malariae 

p. ovale 

P. berghei 

etc. 



Chagas' Disease 



Trypanosoma cruzi 



A£rlc.n tr«..n«.oml..i. W»5;-.__,»bi.n.e 

bmcci 
etc. 



Leishmaniasis 



LeiBhmania donovani 
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Leprosy 

Tuberculosis 

Fllariasis 

Schistosomiasis 
Leptospirosis 



Plague 

Typhoid Fever 

Cholera 

Diptheria 

Lyme Disease 

Pneumoni a/bronchi ti s 



Urethritis 
Giardia 

Amoebic dynsentery 
Syphilis 
Chlamydia • 
Candidiasis 



L. infantum 
L. tropica 
L. mexicana 
L. braziliensis 
L. chagasi 
etc» 

Mycobacterium leprae 
Mycobacterium tuberculosis 

Brugia malayi 

B. timori 

Onchocerca volvulus 
Wuchereria bancrofti 

Schistosoma mansoni 
S. Japonicxim 

Leptospira interrogans 
L. iceterohaemorrhagiae 
L. hebdomadis 
L. pomona 
etc. 

Yersinia pestis 

Salmonella typi 

Vibrio cholerae 

Corynebacterium diphtheriae 

Borrelia burgdorferi 

Streptococcus pneumoniae 
Mycoplasma pneumoniae 
Brinhamella eatarrhalis 
Bordetella bronchi septic a 
Haemophilus influenza 

Mycoplasma homlnis 
UreasplAma urealyticum 

Giardia lamblla 

Entamoeba histolytica 

Treponema pallidum 

Chlamydia trachomatis 

Candida albicans 
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Gonorrhea 
Toxopiasmosis 
Tetanus 
Carles 

Whooping cough 

Q fever endocarditis 

Anthrax 

Brucellosis 



C. glabrata 
Neisseria gonorrhoeae 
Toxoplasma gondii 
Clostrldiun tetani 
Streptococcus nutans 
Bordetella pertussis 
Coxiella burnetti 
Bacillus anthracis 
Brucella abortus 



Numerous modifications and variations of the 
present invention are possible in light of the above 
teachings; therefore, within the scope of the appended 
claims the invention may be practiced otherwise than 
as particularly described. 
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WHAT IS CLAIMED IS: 

1. A vaccine for protecting against an 
organism, comprising: 

(a) a protein which is capable of eliciting an 
5 antibody which recognizes at least one epitope of a 

native protein present in the organism, said native 
protein having at least 50% homology with a heat shock 
protein of T. cruzi; and 

(b) a physiologically acceptable carrier. 

10 2. A vaccine of claim 1 wherein the native 

protein is derived from a species of Mycoplasma, 
Mycobacteria, or Trypanosoma, provided that the native 
protein is not derived from Trypanosoma cruzi. 

3. A vaccine of claim 2 wherein the native 
15 protein is derived from a species of Mycoplasma 

selected from the group consisting of M. mycoides, M. 
bovis, M. bovigenitalium, H. bovoculi, M. bovirhinis, 
M. dispar, M. hyorhinis, H. hyosynoviae, M. 
hyopneumoniae, M. gallisepticum, M. pneumoniae and H. 
20 synoviae. 

4. A vaccine of claim 2 wherein the native 
protein is derived from a species of Mycobacteria 
selected from the group consisting of M. bovis, M. 
leprae and M. tuberculosis. 

25 5. A vaccine of claim 3 wherein the native 

protein is derived from a species of Mycoplasma 
selected from the group consisting of M. hyopneumoniae 
and M. gallisepticum. 
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6. A process for protecting a host against 
an organism comprising: 

administering an effective amount of a protein 
capable of eliciting an antibody which recognizes at 
5 least one epitope of a native protein present in the 
organism said native protein having at least 50% 
homology vith a T. cruzi heat shock protein. 

7. A process of claim 6 wherein the native 
protein is derived from a species of Mycoplasma, 

10 Mycobacteria, or Trypanosoma, provided that the native 
protein is not derived from Trypanosoma cruzi. 

8. A process of claim 7 wherein the native 
protein is derived from a species of Mycoplasma 
selected from the group consisting of M. mycoides, M. 

15 bovis, H. bovigenitalium, M. bovoculi, M. bovirhinis, 
M. dispar, H. hyorhinis, H. hyosynoviae, H« 
hyopneumoniae, H. gallisepticum, M. pneumoniae, and M.. 
synoviae. 

9. A process of claim 7 wherein the native 
20 protein is derived from a species of Mycobacteria 

selected from the group consisting of M. bovis, M. 
leprae, and M. tuberculosis. 

10. A process of claim 8 wherein the native 
protein is derived from a species of Mycoplasma 

25 selected from the group consisting of M. hyopneumoniae 
and M. galliseptictim. 

11. A process for determining an organism in 
a host comprising: 

contacting a sample derived from a host containing 
30 or suspected of containing an orgsmism with an antigen 
which is recognized by an antibody elicited in response 
to a protein present in the organism, said protein 



wo 90/02564 




PCr/US89/03955 



51 

having at least 50% homology with a heat shock protein 
of T. cruzi; and determining antibody in said sample 
bound by said antigen. 

12 • A process for determining an organism in 
5 a host, comprising: 

contacting a sample derived from a host containing 
an organism or suspected of containing an organism with 
an antibody or fragment of said antibody, said antibody 
recognizing at least one epitope of a native protein 
10 present in the host, said native protein having at 
least 50% homology with a heat shock protein of T, 
cruzi; and 

determining protein present in said organism bound 
to said antibody. 

15 13. A process of claim 12 wherein the native 

protein is derived from a species of Mycoplasma, 
Mycobacteria, or Trypanosoma, provided that the native 
protein is not derived from Trypanosoma cruzi. 

14. A process of claim 13 wherein the native 
20 protein is derived from a species of Mycoplasma 

selected from the group consisting of M. mycoides, M. 
bovis, M. bovigenitalium, M. bovoculi, M. bovirhinis, 
M. dispar, M. hyorhinis, M. hyosynoviae, M. 
hyopneumoniae, M. gallisepticum, M. pneumoniae and M. 
25 synoviae. 

15. A process of claim 13 wherein the native 
protein is derived from a species of Mycobacteria 
selected from the group consisting of H. bovis, M. 
leprae, and M. tuberculosis. 
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16. A process of claim 14 wherein the native 
protein is derived from a species of Mycoplasma 
selected from the group consisting of M. hyopneumoniae 
and H. gallisepticun. 

17. A recombinant sequence of nucleic acid 
encoding the heat shock proteins of H. hyopneumoniae 
and M. gallisepticum as depicted in figures 5 and 11, 
respectively. 
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FIGURE 1-1 
Translation of clone pEP70-47 



^aal sequencje 

met thr net ile thr pro ser leu 
TaX3CAC3^GGAAACAGCT ATG RCC JVTG AOG CCA AGC TTG 

9— 1 IT.cruzi sequence > 

ala ala gly arg arg ile piro lys lys thr ala gly lys lys 

GCTQCAGGTCX3ACX3Gim:ax:AAAi^i^GCA^ 

23 

lys lys met thr tyr glu gly ala ile gly ile asp leu gly 
i^i^MGi^TZ^GAGQGAGCCi^QQCArcGATCTCQGC 
37 

thr thr tyr ser cys val gly val trp gin asn glu arg val 
ACA iCTTACTOGTGCGrrGGTGTTTGGCAGAJCGAGOQCGTC 

a 

glu ile ile ala asn asp gin gly asn arg thr thr pro ser 

GAGi^AITGCXSi^GaCCaGGGCi^OQCi^i^a^ 

65 

tyr val ala phe thr asp thr glu aarg leu ile gly asp ala 
TAG GIG GOG TTC ACC GAC ACG GAG OBT CTG ATC GGT GAT GCC 
79 

ala lys asn gin val ala met asn pro thr asn thr val phe 
GOG AAG AAC CAG GTT QCG ATG AAC CXX3 ACG AAC ACC GTC TTC 
23 

asp ala lys arg leu ile gly arg lys phe ser asp pro val 
GACGCGAAGCGCC3CAITGGGCX3GAAGTTCAGCGAC0CX:GTr 
107 

val gin ser asp net lys his trp pro phe lys val ile thr 
GTG CAG TC3G GAC ATG AAG CAC TOG CCC TTC AAG GTC ATC ACG 
121 

lys gly asp asp lys pro val ile gin val gin phe arg gly 
AAG GGC GftC GftC AAG CCGCTGATCCAGGTGCAGTTCCGCQGC 
135 

glu thr lys thr phe asn pro glu glu val ser ser met val 
GAGACAAAGAOGTTCAACCCGGaGGAGGTGAGCTCGATGGTG 
149 

leu ser lys met lys glu ile ala glu ser tyr leu gly lys 
CTGTCAAAGATGAAGGAGAITGOGGAGTCGTACCTGGGCAAG 
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gin val 


lys lys 


ala val val thr 


val 


pro 


ala 


tyr 


phe 


asn 


CftG GTG 


AAG AAG 


GCC GTG GTG ACT 


GTG 


000 


GOG 


TAC 


TTC 


AAC 


187 


















asp ser 


gin arg 


gin ala thr lys 


asp 


ala 


gly 


thr 


ile 


ala 


GAC TOC 


CAG OGG 


CAG GCG AOG AAG 


GAT 


000 


GGC 


AOG 


ATC 


GOG 


201 


















gly net 


glu val 


leu arg ile ile 


asn 


glu 


pro 


thr 


ala 


ala 


GOG ATG 


GAG GTG 


CTG CGC ATC ATC 


AAT 


GAG 


COG 


ACA 


GOT 


GCC 


215 


















ala ile 


ala tyr 


gly leu asp lys 


val 


glu 


asp 


gly 


lys 


glu 


GCC MT 


GOG TAC 


GGC CTG GAC AAA 


GTG 


GAG 


GAC 


GGC 


AAG 


GAG 


239 


















arg asn 


val leu 


ile phe asp leu 


gly 


gly 


gly 


thr 


phe 


asp 




GTG CTC 


ATC TTT GAC CTT 


GGC 


GGC 


GGC 


AOG 


TTT 


GAT 


253 


















val thr 


leu leu 


thr ile asp. gly 


gly 


ile 


phe 


glu 


val 


lys 


GTC AOG 


CTG CTG 


AOG ATC GAC GGT 


GGC 


ATC 


TTT 


GAG 


GTG 


AAG 


2^7 


















ala thr 


asn gly 


asp thr his leu 


gly 


gly 


glu 


asp 


phe 


asp 


GCG AOS 


AAC GGC 


GAC ACG CAC CTG 


GGC 


GGC 


GAG 


GAC 


TTT 


GAC 


281 


















asn arg 


leu val 


ser his phe thr 


asp 


glu 


phe 


lys 


arg 


lys 


AAC CGC 


CTC GTG 


TOG CAC TTC AOG 


GAC 


GAG 


TTC 


AAG 


CGC 


AAG 


295 


















asn lys 


gly lys 


asp leu thr thr 


ser 


gin 


arg 


ala 


leu 


arg 


AAC AAG 


GGC AAG 


GAC CTG AOG ACA 


AGO 


CAG 


CGC 


GOO 


CTC 


CGC 


309 


















arg leu 


arg thr 


ala cys glu ardf 


ala 


lys 


arg 


thr 


leu 


ser 


CGC CTC 


CGC AGO 


GOO TGC GAG CGC 


GOO 


AAG 


CGC 


ACG 


CTG 


TOG 


323 


















ser ala 


ala gin 


ala thr ile glu 


ile 


asp 


ala 


leu 


phe 


asp 


TOC GCG 


GCA CAG 


GCG AOG ATT GAG 


ATC 


GAC 


GCG 


CTG 


TTT 


GAC 


337 


















asn val 


asp phe 


gin ala thr ile 


thr 


arg 


ala 


arg 


phe 


glu 


AAC GIG 


GAC TTC 


CAG GCA AOC ATC 


ACT 


CGC 


GOO 


000 


TTC 


GAG 
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FIOJRE 1-3 



351 
















val 


glu leu cys 


gly 


asp leu phe 


arg 


gly thr 


leu 


gin 


pro 


GftG Crc TQC 


GGC 


GAC CTC TTC 


CGA 


GGG AOG 


CTG 


CAG 


CCG 


GTG 


365 


















glu arg val 


leu 


gin asp ala 


lys 


net asp 


lys 


arg 


ala 


val 


GAG CXsT GTG 


CTC 


CAG GAC GGC 


AAG 


ATG GAC 


AAG 


CGT 


GOO 


GTG 


379 


















his asp val 


val 


leu val gly 


gly 


ser thr 


arg 


ile 


pro 


lys 


CAC GaC GTC 


GTG 


CTC GTC GGC 


GQC 


TCC ACC 


CQC 


ATT 


OCA 


AAG 


393 


















val met gin 


leu 


val ser asp 


phe 


phe gly 


gly 


lys 


glu 


leu 


GTG MG CAG 


CTG 


GTG TCT GAC 


TTT 


TTC GGT 


GGC 


AAG 


GAA 


CTG 


407 


















asn lys ser 


ile 


asn pro asp 


glu 


ala val 


ala 


tyr 


gly 


ala 


iVAC AAG AGO 


ATC 


AAC OCT GAT 




OCT GTG 


GCG 


TAG 


QGO? 


GOC 


421 


















ala val gin 


ala 


phe ile leu 


thr 


gly gly 


lys 


ser 


lys 


gin 


GCC GTG CaG 


GGC 


TTC ATC CTG 


AOG 


GQC GQC 


A^ 


AGO 


AAG 


CAG 


435 


















thr glu gly 


leu 


val leu leu 


asp 


val thr 


pro 


leu 


thr 


leu 


AOG GAG GQC 


CTC 


GTG CTG CTC 


GAC 


GTG ACC 


CCG 


CTG 


AOG 


CTT 


449 


















gly ile glu 


thr 


ala gly gly 


val 


iret thr 


ser 


leu 


ile 


lys 


GGC MC GAG 


ACG 


GCG GGT GGC 


GTC 


ATG AOG 


TOG 


CTG 


ATC 


AAG 


463 


















arg asn thr 


thr 


ile pro thr 


lys 


lys ser 


gin 


ile 


phe 


ser 


OQC AAC ACX3 


ACG 


ATT CCG ACC 


AAG 


AAA AGO 


CAG 


ATC 


TTC 


TOG 


477 


















thr tyr ala 


asp 


asn gin pro 


gly 


val his 


ile 


gin 


val 


phe 


ACG TAG GCJG 


GAC 


AAC CAG CCG 


GGC 


GTG CAC 


ATC 


CAG 


GTC 


TTT 


491 


















glu gly glu 


arg 


ala met thr 


lys 


asp cys 


his 


leu 


leu 


gly 


GAG GGG GAG 


CGT 


GCG ATG ACG 


AAG 


GAC TGC 


CAC 


CTG 


CTC 


GQC 


515 


















thr phe asp 


leu 


ser gly ile 


pro 


pro ala 


pro 


arg 


gly 


va 


ACA TTC GAC 


CTG 


TOC GGC ATC 


COG 


CCG GCG 


CCG 


CQC 


GGT 


GTG 
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529 

pro gin ile glu val thr pbe asp leu asp ala asn gly ile 
OCC CAG MT GAG. .GTT ADC TTT GAC.CTC GSftC OX AAC QGC ATC 
543 

leu asn val ser ala glu glu lys gly thr gly lys arg asn 

CTCi^GTCTXQOGGAGGAGi^GQCi^GQCi^CXS^ 

557 

gin ile val ile thr asn asp lys gly arg leu ser lys ala 
CAG ATT GTC ATC AOG AAC GAC AAG GGC CX3C CTG AGC AAG GCG 
571 

asp ile glu arg itiet val ser glu ala ala lys tyr glu ser 
GACATTGaGCQCATGGTGTOCGAGGCTQOC AAG TAC GAG TCG 
585 

gin asp lys glu gin arg glu arg lie asp ala lys asn gly 
CAGGACAAGGAACAGOaCGAGOGCATTGAC OCA AAG AAC GGT 
599 

leu glu asn tyr ala phe ser val lys asn thr val asn glu 
CITGAGAACTACQCATTTTOGGTGAAGAACACC GTA AAC GAG 
613 

pro asn val ala gly lys ile glu glu ala asp lys asn thr 
COG AAC GTC GCT GGC AAG ATT GAG GAG GCC GAC AAG AAC ACG 
627 

ile thr ser ala val glu glu ala leu gin trp leu asn asn 
ATTAOGAGTGCCGTGGAGGAGGOGCTGCAATQGCTGAACAAC 
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FIGURE 1-5 



asn gin glu ala ser lys glu glu tyr glu his arg gin lys 
i^O^GAGGCCi^i^GAGGaGTACGAGa^CGCC^ 

655 

glu leu glu asn leu cys thr pro ile met thr lys met tyr 

669 

gin gly net gly ala gly gly gly rret pro gly gly met pro 
(3^ QQC imS QQC QCG QQC GQC GGT COC QGA OCT OCT 

683 

gly gly net pro gly gly net pro gly gly ala asn pro ser 
GCTGGAi^CrCGQGQXimSCCTGGTGGCGCGi^OT 

697 

ser ser ser gly pro lys val glu glu val asp CP 
ICTTOSTCAGGACOGi^GroGAGGaAGTCGACTGA GftGCX3CATCC 
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FIGURE 2-1 

CLUSTERED PMR-^SE ALIGNMENT listed in clustered order, 
in 'identity (no translation) ' alphabet of: 

1. Mhyhsp70 (1-600) 7. xl70 (1-647) 

2. Enehsp70 (1-605) 8. humhsp70 (1-641) 

3. dnaK (1-638) 9. chkhsp70 (1-635) 

4. tc70kl (1-669) 10. mzehsp70 (1-646) 
6. rathsp70 (1-646) 11, srrBhsp70 (1-620) 

1 irakeinGIDICTTNSWAiiEnc^cEW IdSIPnCkFTTPS WRFKNnEeiV 

1 MsKEI GIDLGTINSaTftvlEGgePkV ipNPBGnKTTPS WaFKNGErqV 

I I I M 1. 1 I I I i I I I i I I I. I Illlllll II I 

1 MsSlsIl GIDLGTINSCVAimdGttPRV' leNaEGdRTTPSiiaytc^DGEtLV 

I lllllll III II II I Mill III 

1 MTYBGAI GIDLGTTySCV GVWO^ERVEIIAlSIDQ3NRTIPS YVAFTDtERLI 



1 MTYBGAI GIDLGmrSCV CVTOERVEIIMTOGNRTIPS YVAFTDsERLI 
1 MSK$A VGIDLSTTYSCV GTPQHGE^IIANDQGNRITPS YVAFTDTERLI 



1 MZtti«3vA VGIDLGTIYSCV GVPQEJGKVEIIANDQGNRTTPS YVAFTDTERLI 

1 m KaaA VGIDLGTTYSCV GVPQHGE^IIfiNDQGNRTTPS YVaFTDTERLI 

I I I II I I I II I I M I II I II II II M I I II I II I II I II I I I II 
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1 

met thr met ile thr asn ser ser ser val pro gly asp pro 

atg acc atg att acg aat teg age tog gta ccc ggg gat cct 
tac tgg tac taa tgc tta age tog age cat ggg cce eta gga 
I— pOC18 



25 

leu glu ser thr cys arg his ala SER SER AFG PRO GLY ALA. 

eta gag teg aee tgc agg cat gca AQC TCC AGG CCT GGC GCG 
gat etc age tgg acg tee gta cgt teg AGG TCC GGA CCG CGC 
1 I FiWHA148 ADDITICN— 



ARG ASP LEU GLY PRO ASP ARG CYS ARG GLY ASP HE MA ARG 

CGAGATdCGGGCCCGATCGATGCCGCGQCGATATCGCTCGA 
OCT CTA GAG COC GGG GTA GCT ACG GOG CCG CTA TAG CGA GCT 



GLY SER leu 

QSl AGC ttg 
OCT IDG aac 



I pOdQ 
Hind3 

Position of pUC18 conserved sequences, addition enc^ints 
and predicted partial amino acid sequence of the beta- 
galaetosidase fusion protein produced in pS'iIHM48. A 
portion of the nucleotide sequence of pUC18 is designated 



EeoRl 
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by lower case letters; the nucleotide sequence of the 
pMiA148 synthetic oligonucleotide addition is designated 
by upper case letters. Nurribers refer to the order of the 
espected artiino acid sequence. 
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Translation of M. hyopneurtoniae 74.5kD Antigen Gene 

1 

net ala lys glu ile ile leu gly ile asp leu gly thr thr 
ATG GCk AAA GAA ATC ATT TEA QGA ATC GAC CTT QGA ACA ACA 
15 

asn ser val val ala ile ile glu asn gin lys pro val val 
AAC TCA GTT GTT GCA ATT AIT GAA AAT CAA AAA CCT GTC GTT 
30 

leu glu asn pro asn gly lys arg thr thr pro ser val val 
Crc GAA AAT CCC AAC QGA AAA AGA ACA ACT CCA TCC GTT GTC 
45 

ala phe lys asn asn glu glu ile val gly asp ala ala lys 
GCT TTT AAA AAC AAT GAA GAA ATT GTC GGG GAT GCA GCT AAA 
63 

arg gin leu glu thr asn pro glu ala ile ala ser ile lys 
AGA. CAA CTT GAA ACT AAC CCA GAA GCA ATC GCT TCA ATT AAA 
15 

afg leu net gly thr asp lys thr val arg ala asn glu arg 
AGA TTA ATG GGA ACT GAT AAA ACA GTT CGT GCA AAT GAA AGA 
90 

asp tyr ile pro glu glu ile ser ala lys ile leu ala tyr 
GAT TAT AIT CCT GAA GAA ATC TCG GCA AAA ATT CTT GCT TAT 
105 

leu lys glu tyr ala glu lys lys ile gly his lys val thr 
TTA AAA GAA TAT GCT GAG AAA AAG AIT GGT CAT AAA GTA ACA 
120 

lys ala val ile thr val pro ala tyr phe asp asn ala gin 
AAA OCA GTA ATT ACA GTA OCT GCT TAT TTT GAC AAT GCC CAA 
135 

arg glu ala thr lys asn ala gly lys ile ala gly leu gin 
CGT GAG GCA ACA AAA AAT GCC GGA AAA ATC GCT GGA TTA CAA 
150 

val glu arg ile ile asn glu pro thr ala ala ala leu ala 
GEA GAA AGA ATT ATA AAT GAA CCA ACA GCG GCC GCA CIT GCT 
165 

phe gly leu asp lys thr glu lys glu met lys val leu val 
ITT GGC CTT GAT AAA ACT GAA AAA GAA ATG AAA GTT CIT GTC 
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180 

tyr asp leu gly gly gly thr phe asp val ser val leu glu 
TAT GAC TTA QGT GOG GGA ACT TTT CS^T GTC TCA GIT TTA GAA 
195 

leu ser gly gly thr phe glu val leu ser thr ser gly asp 
TTA TCC QGT GGk ACC TTC GAA GTT TTA TCA ACA AGT QGT GAT 
210 

asn his leu gly -gly asp asp tip asp asn glu ile val asn 
AAT CAT TTA QGT GGG GAT GAC TGG GAT AAT GAA ATT GTA AAT 
225 

trp leu val lys lys ile lys glu val tyr asp phe asp pro 
TGA CTT GIT AAA AAA ATC AAA GAA GTA TAT GAT TTT GAT CCA 
240 

lys ser asp lys met ala leu thr arg leu lys glu glu ala 
AAA AGT GAT AAA ATG GOG CTT ACA AGA CTT AAA GAA GAG GCT 
255 

glu lys thr lys ile asn leu ser asn gift ser val ser thr 
GAA AAA AOC AAA ATT AAT CTT TCA AAT CAA AGT GTT TCT ACA 
270 

val ser leu pro phe leu gly met gly lys asn gly pro ile 
GTT TCT CTA CCA TTT TTA QGA ATG QGC AAA AAC GGG OCG ATT 
285 

asn val glu leu glu leu lys arg ser glu phe glu lys net 
AAC GTT GAA CTT GAA CTT AAA AGA TCA GAA TTT GAA AAA AIG 
300 

thr ala his leu ile asp acg thr arg lys pro ile val asp 
ACT QOC CAT TTA ATC GAT AGA ACT OQC AAA CCA AIT GIT GAT 
315 

ala leu lys gin ala lys ile glu ala ser asp leu asp glu 
OCT CTA AAA CAA QCA AAA ATT GAG GCT TCA GAT CTT GAT GAA 

330 

val leu leu val gly gly ser thr arg met pro ala val gin 
GTr CTC CTT GTA QGT QGA TCA ACA AGA ATG OCA GCT GIT CAG 
345 

ser met ile glu his thr leu asn lys lys pro asn arg ser 
TCA ATG ATT GAG CAT ACT TTA AAT AAA AAG CCA AAT CGT TCA 
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ATT 
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CAG 
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540 

ile glu thr thr val arg ala glu gly leu ile asn gin leu 
Arc GAG ACA ACA GIT CX3T QOC GAA GGG CTT ATT MT CAA CTT 
555 

glu lys ser ile thr asp gin gly glu lys ile asp pro lys 
GAG MA TCA AIA ACT GAT CAA GGT GAA AAA ATT GAT CCA AAA 
570 

gin lys glu leu leu glu lys gin ile gin glu leu lys asp 
CAA AAA GAA TTA CTT GAA AAA CAA ATT CAA GAA TTA AAA GAT 
585 

leu leu lys glu asp lys thr asp glu leu lys leu lys leu 
CTT CTA. AAA GAA GAT AAA ACT GAC GAA TTA AAA TTA AAA TTA. 

eoo 

asp gin ile glu ala ala ala gin ser phe ala gin ala thr 
GACCAAATTGAAGCAGCTGCCCAATCTTITQOGCAGGCAACC 
615 

ala gin gin ala asn thr ser glu ser asp pro lys ala asp 
GOG CAG CAA GCA AAT ACA TCT GAA TCT GAT CCA AAA GCT GAT 
630 

asp ser asn thr ile asp ala glu ile lys gin asp OC 
(3^ TCA AAC ACA ATT GAT GCT GAA ATC AAG GAG GAT TAA 
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FIGCJRE 11-1 

Translation of M. gallisepticum 67 kD Antigen Gene 



1 

net ser asn asn asn gly leu ile ile gly ile asp leu gly 
ATG TCT MT MT AAT QGA TEA ATT AIT GGA ATT CTT QGT 
15 

thr thr asn ser cys val ser val net glu gly ala gin lys 
ADC AOC AAC TCT TGT GTG TCT GTA. ATG GAA QGI OCA CAA AAA 

30 

val val ile glu asn pro glu gly lys arg thr thr pro ser 
GTA GTA ATT GAA AAC OCA GAA GGT AAA AGA ACT ACT CCA TCA 
45 

val val ser tyr lys asn gly glu ile ile val gly asp ala 
GTA GTT TCA TAG AAA AAC QGT GAA ATT ATT GTT QGT C3^ QCT 

eD 

ala lys arg gin net leu thr asn pro asn thr ile val ser 
GCT AAG CGT CAA ATG CEA ACT AAC CCA AAC ACT ATT GTT TCT 
75. 

ile lys arg leu net gly thr ser lys lys val lys ile asn 
ATT AAG OGT TTA ATG GGA ACA AGT AAA AAA GTT AAG ATT AAT 

90 

asp lys gly val glu lys glu leu thr pro glu glu val ser 
GAC AAA GGT GTA GAA AAA GAA CTS ACT CCA GAA GAA GTT TCT 
105 

ala ser ile leu ser tyr leu lys asp tyr ala glu lys lys 
QCT AGC ATC TIA AGT TAT CTT AAA GAT TAC GCT GAA AAG AAA 
120 

thr gly gin lys ile ser arg ala val ile thr val pro ala 
ACT GGT GAA AAG ATT TCA AGA GCT GTA ATT ACT GTT OCA QCT 
135 

tyr phe asn asp ala glu arg gin ala thr lys thr ala gly 
TAC TTC AAC GAC QCT GAA OGT CAA GCT ACT AAA ACT QCT GGT 
150 

lys ile ala gly leu thr val glu arg ile ile asn glu pro 
AAG ATT GCT GGT TTA ACT GTA GAA AGA ATT ATT AAC GAA COT 
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FIGURE 11-2 
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330 

asp pro ser gin val asp glu ile leu leu val gly gly ser 
GAT OCT AGT C2\A GTT GAT GAA ATT CTT TTA GTA. QGT GGT TCT 
345 

thr arg net pro ala val gin lys leu val glu ser net ile 
ACA AGA ATG OCT GCA GEA. CAA AAA TTA GTT GAA TCA ATG ATT 

3eo 

pro asn lys ala pro asn arg thr ile asn pro asp glu val 
OCT AAT AAA GCA OCA AAC OGT ADG ATT AAC OCT GAC GAA GTA 
375 

val ala ile gly ala ala val gin gly gly val leu arg gly 
GTA GOG ATO GGT GOT GOT GTA CAA GGT GOG GTA TEA OGT GGG 
390 

asp val lys asp ile leu leu leu asp val thr pro leu thr 
GAT GTT AAA GAC ATC TTA TEA TEA GAC GTA ACT OCT TTA ACA 
405 

leu ala ile glu thr leu gly gly val ala thr pro ile ile 
CTT GOG ATT GAA ACT TTA GGA GGT GTA GCA ACT OCA ATI ATT 
420 

lys arg asn thr thr ile pro val ser lys ser gin ile phe 
AAG AGA AAC ACA ACT ATT OCA GTT TCT AAA TCA CAA ATC TTC 
435 

ser thr ala gin asp asn gin glu ser val asp val ser ile 
TCA ACA GOT CAA GAT AAC CAA GAA TCA GTT GAC GTT TCA ATT 
450 

tyr gin gly glu arg pro net ala arg glu asn lys ser leu 
TAC CAA GGT GAA OGT OCA ATG GOT AGA GAA AAC AAA TCA TTA 
465 

gly thr phe ser leu gly gly ile gin pro ala pro lys gly 
GGA ACT TTC TCA CTT GGA GGA ATT CAA OCA GOT OCT AAG QGT 
480 

lys pro gin ile glu ile thr phe asn ile asp ala asn gly 
AAA OCA CAA ATT GAA ATT ACT TTC AAT ATT GAC GOT AAC GOG 
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FIGURE 11-4 
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asp ala glu ala asn lys glu 
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ile asn glu ile leu gly ser 
ATT AAC GAA ATC CTT GGT TCT 

ala gin glu lys ala ser leu 
GOT CAA GAA AAA GCT AGC CTT 

asn gly ala leu lys ala glu 
AAC GGT GCT CTT AAA GCT GAA 

gin ile asp gly phe lys lys 
CAG ATC GAC GGC TTC AAG AAA 

lys tyr gly gly gly glu ala 
AAA TAC GGT GGT GGC GAA GCT 
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